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ABSTRACT
The Legacy Borehole Project is a three-year effort to design and build a sensor
package that will be used to explore the geological and chemical conditions of the
ocean floor. Over the course of three years, a mechanical structure and a robotic
system will be constructed to lower sensors into previously drilled boreholes. As
the team responsible for the development of the first year of this project, we have
constructed a prototype sensor package and mock mechanical structure to test a
communication interface between the sensors and a graphical user interface. The
sensors were tested by lowering the sensor package into water and communicating
data to a graphical user interface on a marine vessel. These test results were used
to validate the prototype design and establish requirements for the final system.
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Part I.
Introduction to System
1
1. Introduction
1.1. Motivation
The Legacy Borehole Project was launched by the University of Alaska, Fair-
banks, as an effort to explore the physical, geological, and chemical conditions of
the subseafloor1. As seen in Figure 1.1, the subseafloor is made up of layers of
rock that are permeated with water, allowing for microbes to grow. The bottom
of the ocean has the potential to hold more biomass than is found in the Amazon
Rainforest. Understanding these subseafloor life forms holds the key to under-
standing the origins of life on Earth and identifying life in the similarly extreme
conditions of other planets in the universe.
Figure 1.1.: Rock layers at the bottom of the ocean with microbial life
Sources:<http://geography.unt.edu/~williams/geog_3350/examreviews/tectonics.htm>,
<http://news.softpedia.com/news/Ocean-Microbe-Census-Discovers-Amazingly-Diverse-World-of-Rare-Bacteria-31569.shtml>.
Used with permission.
Tapping this unexplored ecosystem also holds the potential for pharmaceutical
and energy advancements2. Much exploration has been done of ocean vents3 with
1NOAA. “Ocean Facts.” National Ocean Services. 11 Jan. 2013. Web. 28 Nov. 2013.
<http://oceanservice.noaa.gov/facts/exploration.html>.
2Wheat, C. Geoffrey. “The Future of Deep Sea Exploration: Legacy Project.” 2012. Video.
3Godet, Lauren, Kevin A, Zelino, and Cindy L. Van Dover. “Scientists as Stakeholders in
Conservation of Hydrothermal Vents.” Conservation Biology, vol. 25, No. 2 (2011): 214–222.
Web. 10 Oct. 2013.
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manned submersibles4 and through drilling operations5. These past projects have
led to a better understanding of the temperature gradients, chemical makeup, and
life forms within the seafloor.
1.2. Literature Review
1.2.1. Proposed Objectives
The main objectives of the Legacy Borehole Project were first defined by Dr.
Geoffrey Wheat, the project’s Principal Investigator. Wheat states that the pur-
pose is to analyze the biosphere beneath the ocean floor6. He also discusses the
expected cost and anticipated timeline of the project. The first year of the three-
year Legacy Borehole Project is focused on design, the second year will focus on
building, and the thrid year will focus on implementation. This year, our team
has completed design specifications for the sensor package, mechanical structure
(henceforth referred to as a truss structure), and winch system, as outlined by
Dr. Wheat in his proposal of this project.
1.2.2. Previous Missions
1.2.2.1. Deep Sea Drilling Project
One past project that studied conditions in boreholes was the Deep Sea Drilling
Project (DSDP). The main purpose of this project was to find geothermal tem-
perature measurements7. This project drilled an 836 meter deep hole at the
bottom of the ocean and performed temperature readings within. This process
made use of the setup depicted in Figure 1.2, which incorporates a reentry cone
4Monastersky, Richard. “Dive Masters: The US flagship submersible Alvin is getting a partial
upgrade. But deep-sea exploration faces some rough water.” Nature 489(2012): 194-196.
Web.
5ODP. “Ocean Drilling Program: Final Technical Report 1983 - 2007.” Consortium for Ocean
Leadership, Inc. Web. 28 Nov. 2013.
6Wheat, C. Geoffrey, Patricia Fryer, Andrew T. Fisher, Samuel Hulme, and Hans Jannasch,
Michael J. Mottl, Keir Becker. “Borehole observations of fluid flow from South Chamorro
Seamount, an active serpentinite mud volcano in the Mariana forearc.” Earth and Planetary
Science Letters, Volume 267, Issues 3–4, 30 March 2008, Pages 401–409.
7Becker, K., M.G. Langseth, and R.P. Von Herzen. “Deep crustal geothermal measurements,
Hole 504B, Deep Sea Drilling Project Legs 69 and 70.” J. Cann, M.G. Langseth (Eds.), Init.
Rep. DSDP, U. S. Gov’t Printing Office, Washington, D. C. (1983), pp. 223–236.
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leading into the borehole. In order to acquire accurate data, the researchers had
to wait several days before taking their temperature measurements, due to the
disturbances caused by the drilling process.
Figure 1.2.: Deep sea drilling setup
Source: <http://www.darkenergybiosphere.org/resources/videos.html>. Used with permission
This setup differs from our investigation in three main ways:
• Different sensors used
• Lack of truss structure
• Project timeframe
Instead of purely testing for temperature measurements, our project will use a
larger number of new and existing sensors to learn about many different aspects
of the subseafloor. In addition, the DSDP lowered its sensor straight into the
borehole and did not make use of a truss structure attached to the reentry cone.
The Legacy Borehole Project’s sensor package will be lowered and carefully posi-
tioned by an underwater winch system mounted on a truss structure that securely
grips onto the reentry cone. Furthermore, the DSDP scientists had to wait several
days to collect measurements, whereas our borehole data will be collected in real
time. This is made possible because we will be working in pre-drilled boreholes
whose surfaces have returned to their original condition.
1.2.2.2. Oceans Drilling Program
The Oceans Drilling Program (ODP) sought to characterize the physical and
chemical nature of the fluids flowing through the seafloor crust8. This team
8Davis, E.E., K. Becker, T. Pettigrew, B. Carson, and R. MacDonald. “CORK: a hydrologic
seal and downhole observatory for deep-ocean boreholes.” E.E. Davis, M.J. Mottl, A.T.
Fisher (Eds.) et al., Proc. ODP, Init. Repts., 139: College Station, TX (Ocean Drilling
4
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added to the research done by the DSDP group by attaching water samplers
and pressure instruments to the thermometers on the sensor package. In order
to prevent the instruments from being affected by water flowing in and out of
the hole, the ODP team implemented the Circulation Obviation Retrofit Kit
(CORK). The instruments were left in the holes for two years to collect data as
the holes recovered from the drilling process.
The ODP is more similar to the Legacy Borehole Project than the DSDP because
like the Legacy Borehole Project, the ODP has a larger fleet of sensors and uses
a mechanical structure, the CORK, to assist in its investigation. Even so, the
Legacy Borehole Project still has investigatory advantage over the ODP due to
all of the same reasons already stated in Section 1.2.2.1.
1.2.2.3. Ocean Drilling Program Hole 1200D
The Legacy Borehole Project’s main goal of finding lifeforms under the seafloor
was influenced by the success of the exploration of Ocean Drilling Program Hole
1200D near the Mariana Forearc. This ODP found new bacteria and proposed
to name it Marinobacter alkaliphilus. This study recorded the temperature, pH
levels, and NaCl concentrations of the water in which the bacteria lived. Due
to this investigation, scientists now know that new life forms exist in the ocean
crust; moreover, scientists now have a better understanding of the chemical and
physical characteristics that the water must have to support bacterial life9.
The exploration of hole 1200D made great progress that the Legacy Borehole
Project strives to supersede by exploring new locations and implementing new
sensors, such as a fluorescent spectrometer.
The adjustable truss structure incorporated in the Legacy Borehole Project will
allow scientists to visit many different boreholes, not just Hole 1200D. In this way,
the Legacy Borehole Project will allow scientists to find bacteria across the ocean
floor, not just on the Mariana Forearc. Additionally, the Legacy Borehole Project
will implement many new sensors that have never been used to explore boreholes
before. One such sensor is the fluorescent spectrometer. This device will allow
Program). 43–53. 1992. Web.
9Takai, K., C.L. Moyer, M. Miyazaki, Y. Nogi, H. Hirayama, K.H. Nealson, and K.
Horikoshi. “Marinobacter alkaliphilus sp. nov., a novel alkaliphilic bacterium iso-
lated form subseafloor alkaline serpentinite mud from Ocean Drilling Program Site 1200
at South Chamorro Seamount, Mariana forearc.” Extremophiles, 9 (2005), pp. 17–27.
<http://dx.doi.org/10.1007/s00792-004-0416-12005>.
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scientists to scan the walls of the borehole to find microbes before collecting them
with water samplers. With this advantage, the Legacy Borehole Project will make
scientists faster and more effective in their search for new bacteria
1.2.2.4. Dr. Wheat’s Previous Work
The leading scientist on the Legacy Borehole Project, Dr. Geoffrey Wheat, has
done previous work similar to that of the research already described above. The
scientists deposited instruments in a borehole and returned after two years10.
The instruments captured chemical measurements and included pressure sensors,
thermistors, and OsmoSamplers that captured fluid samples.
The work done by Dr. Wheat sets up our project nicely and allows us to consider
the OsmoSampler as a viable sampling option. The Legacy Borehole Project will
still strive to surpass this research with the traits listed in Sections 1.2.2.1 and
1.2.2.3.
1.2.2.5. Human Operated Vehicle Alternative
An interesting comparison between manned missions versus robotic deep sea sci-
entific exploration can be read in Richard Monastrsky’s article, in which he de-
scribes the manned submersible Alvin11. The main benefit of using remotely op-
erated underwater vehicles (ROVs) instead of Human Operated Vehicles (HOVs)
is cost. The article states that Alvin cost $11 million to build and another $40
million to upgrade. In contrast, our entire project will cost slightly over $1 mil-
lion dollars. Another disadvantage of HOVs is that they can only spend 4-5 hours
underwater, whereas ROVs can spend days underwater.
The Legacy Borehole Project aims to surpass the field of HOV exploration by
providing scientists with a cheaper and more time effective way of exploring deep
sea biospheres without risking human life.
10Wheat, C. Geoffrey, Patricia Fryer, Andrew T. Fisher, Samuel Hulme, and Hans Jannasch,
Michael J. Mottl, Keir Becker. “Borehole observations of fluid flow from South Chamorro
Seamount, an active serpentinite mud volcano in the Mariana forearc.” Earth and Planetary
Science Letters, Volume 267, Issues 3–4, 30 March 2008, Pages 401–409.
11Monastersky, Richard. “Dive Master: The US flagship submersible Alvin is getting a partial
upgrade. But deep-sea exploration faces some rough water.” Nature 489 (2012): 194-196.
Web. 10 Oct. 2013.
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1.2.3. Summary
In summary, the literature collected shows that temperature, depth, and water
samplers have been used in freshly drilled boreholes in the past. These past
research projects required wait times anywhere between weeks and years to collect
useful data, and much of the data was disturbed by the drilling process. In
contrast, the Legacy Borehole Project plans to explore recovered boreholes and
use new instruments that have never been used before. Ocean borehole research is
a rapidly growing field, especially as investigations move away from costly HOVs
towards more effective ROV systems like the Legacy Borehole Project.
1.3. Problem Statement
1.3.1. Overview
In contrast to past deep sea expeditions, the Legacy Borehole Project proposes to
remotely explore pre-existing boreholes that were drilled in the ocean floor several
decades ago. These holes were capped with metal cones to allow for reentry and
then abandoned due to time and budget constraints. The three-year Legacy Bore-
hole Project proposes to “design, fabricate, and test a new automated borehole
platform, equipped with a suite of physical and geochemical sensors and sampling
capability, for assessing the chemical, hydrologic, and microbial conditions of the
basaltic crust through the utilization of about 54 legacy boreholes worldwide”12.
The goal of this exploration is to better understand how fluid flows through the
boreholes, how that flow relates to the geochemistry and chemical composition of
fluids, and how the microbes that live in those fluids manage to generate energy
and metabolism for growth.
1.3.2. Mission
Under the advisement of Dr. Christopher Kitts and the direction of Bill Kirkwood
and Dr. Geoffrey Wheat, our team was tasked to design a system to lower sensors
into the existing boreholes. This structure will need to be adjustable to the various
12Wheat, C. Geoffrey, Kathina Edwards, Bill Kirkwood, Chris Kitts, William Hug, and Ev-
erett Salas. “Dark Energy Biosphere Initiative- SubserfacE LifE Characterization (DEBI-
SELECT).” Marine Science and Technology Foundation Grant Proposal. 4 May 2012.
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cone sizes and survive the extreme conditions that exist over 6000m below sea
level. Our goal was to create an interface to transmit data from the sensors to
a graphical user interface (GUI). This GUI will collect and interpret the data to
analyze the functionality of the existing boreholes.
1.3.3. Anticipated Issues
The conditions of these holes are unknown; for example, some may have caved
in due to shifting rocky substrate. Furthermore, unknown organisms may have
developed in the extreme subseafloor conditions. These conditions include tem-
peratures that go as low as 2 degrees Celsius and pressure that exceeds 8,500
psi.
1.3.4. Results
Although we have not constructed the final product this year, our team:
1. Established communication with known sensors in the sensor package.
2. Created and tested a GUI to display sensor data.
3. Attached a camera to the sensor package to allow for visual assertion of
operating sensors.
4. Designed and constructed a mock truss structure to position the sensor
package.
5. Designed and constructed a working model of the sensor package.
Our team was split into two sub-teams. The Mechanical Engineering sub-team
designed the sensor package to be lowered into the existing boreholes. The Com-
puter Engineering sub-team created the communication interface between the
sensor package and the controlling computer.
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The design work for the Legacy Borehole Project began with interviewing cus-
tomers to identify customer needs. The next step taken was to translate the
customer needs into system requirements. Throughout this task, research was
done looking into similar past projects in order to identify benchmarks for our
design. We then moved forward with conceptual designs of each subsystem. The
following sections will delve into each of these steps and the general breakdown
of the overall system design.
2.1. System Level Overview
The system has been divided into the following four main subsystems:
1. Sensor Package
2. Truss Structure
3. Winch System
4. Communication Interface
The following sections provide a brief summary and functional analysis of each
of these subsystems.
2.1.1. Sensor Package
The sensor package will facilitate the collection of data from sensors and transmit
the data via Ethernet to a GUI, located on the marine vessel. Data will only be
communicated when queried and will communicate at approximately 1Hz (for
9
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a more detailed discussion, see Chapter 3). The sensor package will consist of
temperature and pressure sensors, a pH sensor, water samplers, a fluorescent
spectrometer, and three cameras. For a more detailed discusion on the layout of
the sensors in the package and the choices of the sensors used, see Chapter 3.
2.1.2. Truss Structure
The truss structure is designed to guide the sensor package into the borehole for
data collection. Figure 2.1 depicts the construction and movement of the truss
structure. First, the structure is assembled on the deck of a marine research vessel
and placed in the water. The structure will then be lowered into the ocean by
two ROVs, which have been provided by an outside contractor. The top ROV is
controlled by a pilot on the marine vessel and is used to latch on to the top of the
structure and gently lower it to the reentry cone at the ocean floor. The bottom
ROV is used to latch to the side of the structure and center it on the reentry
cone. Once the structure is properly positioned, the bottom ROV will connect
to the structure through wet mate plugs, giving the sensors power and enabling
communication to the command center on the marine vessel.
2.1.3. Winch System
The winch system is responsible for powering and moving the sensor package.
This movement will be controlled by the GUI located on the marine vessel. The
winch will be sized to hold a 1000 meter tether, which will be wound through a
pulley and connect to the sensor package.
2.1.4. Communication Interface
Figure 2.2 shows the flow of data from the controller to the sensors. The data
begins with the human controller, who uses a display to determine position com-
mands. He sends these long-range communications through the tether to the
truss structure. The tether also supplies power to the ROV, which transfers the
data and power to the wet mate. These commands are transferred through pres-
sure housings, into the winch, and into the sensor package microcontrollers that
control the sensors. Once data is collected, the telemetry is sent back up the
10
2.1 System Level Overview Design of System
Figure 2.1.: Mission architecture sketch of the truss structure and instrument
package being lowered to the bottom of the ocean by ROVs. The marine vessel
controls the movement of the ROVs and collects data from the sensors on the
instrument package once it has been lowered into the reentry cone.
tether when queried and is displayed on the GUI.
Figure 2.3 shows a detailed flow of data through the three communication nodes
(discussed further in Chapter 3). The data will be commanded by a scientist
through an on-screen GUI. These commands will be sent through the hardware
node to the sensor package node, which will gather the necessary data from the
sensors. This data will then be communicated back through the hardware node to
the topside node, which will parse and display the data in an easy-to-understand
manner. The hardware node will control the movement of the winch for the
positioning of the sensor package.
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Figure 2.2.: Function component-level sketch with power and data lines depict-
ing how systems connect.
Figure 2.3.: Communication block diagram depicting flow of data, position com-
mands, and responses
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2.1.5. Integrated Components
Figure 2.4 depicts each component integrated into the system. The components
depicted in green are the components that provide the overall structural support
and require no electricity. This support structure uses an adjustable gripping
mechanism to clasp the outsides of the reentry cone and can be modified to fit
cones of up to 14 feet in diameter. On top of the grips sits a base plate, which
serves as a support platform for the truss structure, winch, power housings, and
release pad that clasps the sensor package while in transit. The release pad will
be designed to open when the sensor package is ready to enter the borehole. The
truss structure will incorporate flotation, which will help with structural balance
and allow the structure to be easily manipulated in the water. The top of the
flotation will have a hook for an ROV to clasp the structure during descent.
The blue subsystems in Figure 2.4 require electricity and are responsible for
powering and moving the sensor package. The wet mates provide an electrical
connection between the ROV and the pressure housing. This connection to the
ROV provides the data connection and power sent from the GUI on the marine
vessel. The electrical connections within the pressure housing provide hydraulic
power to the winch.
Figure 2.4.: Physical configuration sketch
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2.2. Customer Needs
Our primary customers for this project can be broken into two basic groups: our
short term academic customers and our long term real-world customers. The
academic customers include our advisor Dr. Kitts and the student team who will
be carrying on our work next year. The real world customers are Dr. Geoffrey
Wheat and the scientists at the University of Alaska, Fairbanks (UAF), who will
be using our sensor deployment system for scientific research.
As the founders and funders of the Legacy Borehole Project, the scientists at UAF
can be considered our main customer. At the most basic level, the UAF scientists
need a way to study the ecosystem present in the boreholes at the bottom of
the ocean. They wish to see what is down there, take physical samples, and
make various scientific measurements. The sampling and sensor system that will
provide those capabilities needs to be easily transportable both by truck overland
and by ROV underwater. The system needs to be safe, low maintenance, easy to
operate, and sturdy enough to survive the extreme environmental conditions at
the bottom of the ocean.
Although the UAF scientists are our ultimate customers, in the short term our
advisor Dr. Kitts, whom UAF has designated to be a subcontractor for this
project, is our immediate customer. Dr. Kitts needs us to communicate with Dr.
Wheat on a regular basis and keep the scientists satisfied by completing tasks in
a timely manner. We also considered the next student team that will carry on
this project as our customers. Those students need us to thoroughly document
all our research and work in an organized, concise, and easy-to-access manner.
Appendix A contains the responses from our customers when asked about needs
and requirements. These responses are summarized in the system requirements
below.
2.3. System Requirements
Dr. Kitts, our student successors, and the UAF scientists comprise our diverse
range of customers whose needs provide the basis for us to define more specific
system requirements. Based on thorough research and analysis of these cus-
tomers’ needs, we have created a preliminary table of system requirements. We
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have considered both functional and non-functional requirements of each design
decision. These decisions include:
1. Choice of sensors
2. Layout of sensors
3. Telemetry and GUI design
4. Truss structure design
5. Winch system design
6. Baseplate and grip design
7. General system design
The following outline briefly states important requirements for each subsystem.
• Sensor Package: Must be thin enough to fit inside a 10-inch borehole
• Truss Structure: Must be adjustable to reentry cones of various sizes
• Winch System: Must be strong enough to raise and lower sensor package
• Communication Interface: Must communicate data in real time
A detailed discussion of these requirements can be found in Appendices B, C,
and D.
2.4. Benchmarking Results
A standard benchmarking procedure was used to thoroughly analyze and compare
our project to the existing work that has been done in the same area as our project.
The following three systems were used as benchmarks for comparison:
1. “Borehole observations of fluid flow from South Chamorro Seamount, an
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active serpentinite mud volcano in the Mariana forearc.”1
2. “Marinobacter alkaliphilus sp. nov., a novel alkaliphilic bacterium isolated
form subseafloor alkaline serpentinite mud from Ocean Drilling Program
Site 1200 at South Chamorro Seamount, Mariana forearc.” 2
3. “CORK: a hydrologic seal and downhole observatory for deep-ocean bore-
holes.”3
Each characteristic and parameter of our system was weighed against these three
benchmark systems.
Figure 2.5 outlines the main benchmarks of each subsystem.
Figure 2.5.: Main subsystems benchmarks
A table of this system benchmarking comparison can be seen in Appendix E.
1Wheat, C. Geoffrey, Patricia Fryer, Andrew T. Fisher, Samuel Hulme, and Hans Jannasch,
Michael J. Mottl, Keir Becker. “Borehole observations of fluid flow from South Chamorro
Seamount, an active serpentinite mud volcano in the Mariana forearc.” Earth and Planetary
Science Letters, Volume 267, Issues 3–4, 30 March 2008, Pages 401–409.
2Takai, K., C.L. Moyer, M. Miyazaki, Y. Nogi, H. Hirayama, K.H. Nealson, and K.
Horikoshi. “Marinobacter alkaliphilus sp. nov., a novel alkaliphilic bacterium iso-
lated form subseafloor alkaline serpentinite mud from Ocean Drilling Program Site 1200
at South Chamorro Seamount, Mariana forearc.” Extremophiles, 9 (2005), pp. 17–27.
<http://dx.doi.org/10.1007/s00792004041612005>
3Davis, E.E., K. Becker, T. Pettigrew, B. Carson, and R. MacDonald. “CORK: a hydrologic
seal and downhole observatory for deepocean boreholes.” E.E. Davis, M.J. Mottl, A.T. Fisher
(Eds.) et al., Proc. ODP, Init. Repts., 139: College Station, TX (Ocean Drilling Program).
43–53. 1992. Web.
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2.5. System Summary
In addition to the functional analyses described above, more detailed analyses
have been performed for each of the four subsystems. These additional analyses
include long-term considerations and testable accomplishments. These analyses
are discussed in Part II.
2.6. Design Rationale
As discussed in the benchmarking results and literature review (Sections 2.4 and
1.2, respectively), much research was performed looking into various design op-
tions. The design chosen is unique in that it will collect data in real time. This
will allow scientists to more readily view and interpret the data. Furthermore,
the adjustable truss structure design chosen will allow the sensor package to be
deployed on reentry cones of various diameters. This allows for our system to be
used for widespread research across the ocean floor in many different boreholes.
All of these design decisions were made in accordance with the customer needs
and system requirements, with an emphasis on making the system as useful and
easy to use as possible.
2.7. Use Cases
A use case describes the expected users, or actors, of the system and how those
actors are anticipated to use the system. The Legacy Borehole Project supports
three types of actors: scientists, senior engineers, and students. The main use
cases identified for the Legacy Borehole project are as follows:
1. Assemble the system.
2. Lower the system into the borehole.
3. Open the GUI for sensor package positioning and data sampling
4. Lower the sensor package into the borehole.
5. Gather data from the sensor package.
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See Appendix F for a detailed discussion of these use cases and their visual
representation.
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Subsystems
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3. Sensor Package
The sensor package is the most complicated subsystem, as it contains mechanical,
electrical, and software components. Due to its complexity and central role in
determining the other subsystems, the sensor package is the primary focus of our
project. Figure 3.1 depicts a conceptual layout for the sensor package.
Figure 3.1.: Sensor package conceptual layout
As seen in Figure 3.1, the instrument package will be a long, skinny structure
with sensors stacked one atop another due to the 10” diameter constraint of the
borehole. Although not pictured, the sensor package will also include pressure
housings to hold electronics, shelves to support the sensors, and holes to allow
the sensor package shell to be flooded with water.
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3.1. Design Process
To create a design for the sensor package, we identified the following process:
1. Interview the scientists to determine what sensors are needed.
2. Identify suppliers of the sensors (see Appendix G for the sensors that were
chosen).
3. Learn to use sensors by working with similar versions located in the Robotics
Systems Laboratory.
4. Compile a power budget, weight analysis, and communication protocol
based on sensor specificatons.
5. Perform finite element analysis on sensor package shelf design.
Note, the power budget and weight analysis will determine the size of the tether,
winch, and truss structure, while the communication protocol will determine the
data transfer component of our software subsystem.
3.2. Functionality and Requirements
The main design considerations for the sensor package are:
1. The choice and layout of the sensors.
2. The ability of the package to survive the extreme environmental conditions
of the sub-seafloor.
3. The ability of the sensor package to move through the boreholes without
getting stuck.
Specific design requirements and a detailed discussion of the functionality related
to these concerns can be found in Appendix B.
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3.3. Considered Alternatives
3.3.1. Fixed Sensor Package
• Summary: All sensors are permanent and not removable. Figure 3.2
depicts this design alternative.
• Advantages: Easy to design and implement
• Disadvantages: Cannot adapt over time; therefore, less useful and valu-
able to scientists
Figure 3.2.: Fixed design of sensor package
3.3.2. Modular Sensor Package
• Summary: Allows various sensors to be added or removed. Figure 3.3
depicts this design alternative.
• Advantages: Ability for the system to adapt over time to the scientists’
needs; therefore, more useful and valuable to scientists
• Disadvantages: More complicated design
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Figure 3.3.: Modular design of sensor package
3.3.3. Conclusion
The main disadvantage of using the modular design is the increased complexity.
The need to be able to accommodate unknown sensors that may be added in
the future makes the mechanical and software interface much more complicated.
Although the fixed system would be far easier to build and design, given the
time, money and effort dedicated to this project, complexity should not stand in
the way of developing the superior version of the system - unless that complexity
causes the system to be too expensive and take too long to produce. In this
particular case, it is our belief that the modular design will not cause the project
to exceed the monetary budget or time schedule. Therefore, based on the the
trade-offs described, it was decided to build the modular design.
3.4. Material Choice
For the final sensor package design, it was decided that the sensor package shelf
should be built out of 1/8" thick stainless steel. This decision was based off of the
system requirements, customer needs, and engineering analysis. As defined in the
system requirements, the sensor package must be strong enough to support the
weight of the sensors. Stainless steel is a robust material and provides the suffi-
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cient strength with minimal thickness and cost. This sensor package will be used
by the customers for sensitive chemical measurements; therefore it is important
that an inert metal like stainless steel be used. Although other materials, such as
iron, were considered, these materials have degrading qualities in saltwater. Iron
is more corrosive and would not give the significant strength advantages that
stainless steel provides. This property would also not allow the structure to sur-
vive underwater if abandoned at the bottom of the ocean. Finally, the thickness
of 1/8" for the stainless steel was chosen based on a finite element analysis of the
sensor package. The finite element analysis of the sensor package is discussed in
Section 3.5.
3.5. Finite Element Analysis on Sensor Package
3.5.1. Test Plan
Using the Solidworks Express Simulator, we performed a finite element analysis
on the package container to determine the areas of weakness. The 3D-modelled
container shape was analyzed as being made of stainless steel, because stainless
steel reacts minimally and thus will not disrupt the scientists’ sensitive chemical
measurements. Several iterations of the finite element analysis were performed,
adjusting the shape of the container and the thickness of the stainless steel. Figure
3.4 depicts the performed finite element analysis on the circular shelf. Figure 3.5
depicts the performed finite element analysis on the shelf with material cut out
to allow for wires to pass through.
Figure 3.4.: Circular shelf design finite element analysis
24
3.6 Sensor Package Prototype Sensor Package
Figure 3.5.: Cut out shelf design finite element analysis
3.5.2. Test Results
Based on the finite element analysis, it was determined that the original container
design was excessively strong. To make the sensor package lighter and more
cost effective, the stainless steel thickness was reduced from 1/4” to 1/8”. Also,
material was removed from the original circular shelf design to create a lighter,
more effective shelf with inlets for wires to pass through. It was determined that
the major points of weakness in the sensor package design were located at the
various holes and sharp corners. Steps were taken to strategically locate the holes
and round the sharp corners to improve the strength of the design. A detailed
report of these finite element analyses results can be found in Appendix H.
3.6. Sensor Package Prototype
The sensor package built in this first year of the project is a simplified version
of the sensor package that will be used in the final design. This sensor package
is meant to be tested in Lake Tahoe and can be seen in Figure 3.6. The main
features this package has that are useful towards our analysis of a final sensor
package are as follows:
• Removable sensors
• Solid support structure
• Sensor layout
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Figure 3.6.: Sensor package prototype
3.6.1. Removable Sensors
An important feature of our final design is the ability to have all the sensors be
removable from the sensor package’s support structure. Most of the sensors that
will be used in the final product have not been bought; thus, having a structure
that can adapt to different sensor sizes and lengths is a useful trait. In the sensor
package prototype, the water sampler, camera, light, and electronics bottle can
all be taken off the support structure because they are affixed with adjustable
hose clamps. This allows us to remove sensors when we need to work on them
and to rearrange them if necessary.
3.6.2. Solid Support Structure
The testable sensor package has a solid main frame that does not allow the
structure to flex due to the weight of sensors or exterior forces. This inflexibility
is an important feature of the sensor package because the boreholes that the final
sensor package will be in are long and straight. If the sensor package were to bend
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in the hole, the system could become stuck and be irremovable. For this reason,
a solid support structure was key to our design to emulate final characteristics.
3.6.3. Sensor Layout
The layout of the sensors in the prototype sensor package was purposefully chosen
to mirror the positions that the sensors will have in the final system. The water
sampler was placed at the lowest position in the sensor package due to its weight.
When the sampler is full of water, it will be one of the heaviest sensors in the
final sensor package. Moreover, the water sampler is the sensor that needs to be
accessed the most because it will need to be emptied after each dive. Positioning
the water sampler low on the sensor package makes the water sampler safer to
remove because it is closer to the ground and easier to access. This low position
also makes the sensor package more stable because it has a lower center of gravity.
The camera and lights were placed above the water sampler to view its water
capturing process. In the final design, there will be many pairs of camera and
lights on the sensor package, including one watching the water sampler to provide
visual confirmation that the water sampler captures water correctly. Overall,
locating the water sampler down low and positioning the camera and light above
the water sampler in the prototype sensor package made our design sturdier,
safer, and more in line with the customer needs.
3.7. Conclusion
Based on the analyses described above, it was determined that: the sensor pack-
age will have a modular layout, it will be built out of 1/8” stainless steel; its
shelves will have inlets for wires to pass through. The finite element analysis
confirmed that the sensor package container will be sufficiently strong even when
1/8” stainless steel is used and material is removed from the shelves to make
room for wires. The alternative analysis confirmed that a modular layout was
preferable because the benefits of making our system more valuable and useful
for the customer outweigh the disadvantage of added system complexity. By
applying these thorough and quantitative engineering analyses, we were able to
significantly improve upon our original sensor package design.
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Figure 4.1 depicts a conceptual layout for the truss structure.
Figure 4.1.: Truss structure conceptual layout
As seen in Figure 4.1, the truss structure to be used in the final project will
consist of three legs attached to a base plate with adjustable grips. The release
pad in the center of the base plate clamps the sensor package in place during
transportation and only opens to release the sensor package once the structure is
secured onto the borehole. The adjustable grips under the release pad enable the
structure to secure onto reentry cones of various sizes. The flotation at the top
of the truss structure helps balance the structure and makes it lighter and easier
to transport through the water. The hook located on top of the flotation allows
the guiding ROVs to securely grip the truss structure when moving it through
the water.
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4.1. Design Process
To create a design for the truss structure, we identified the following process:
1. Develop a conceptual design for the truss structure based on customer feed-
back and system requirements already established
2. Propose a truss structure
3. Propose possible building materials
4. Conduct finite element analyses for various proposed designs.
5. Track and document possible structure proposals for their strengths and
weaknesses to help future groups develop them further
4.2. Functionality and Requirements
The main design considerations for the truss structure are:
1. Must be able to be safely assembled on a moving marine vessel
2. Must support 1000 lbs. on dry land
3. Must fit within a standard shipping container with dimensions of
19’4”x7’7”x7’8”
Appendix C contains a detailed discussion of the functionality and requirements
of the truss structure.
4.3. Considered Alternatives
Several alternative analyses were performed in order to identify the ideal method
to attach to the reentry cones for a steady base on which the structure can stay
balanced while performing operations.
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4.3.1. Alternative Analysis of Adjustable Design
The first alternative analysis performed analyzed the advantages and disadvan-
tages of using a fixed vs. adjustable truss structure.
4.3.1.1. Fixed Truss Structure Design
• Summary: The legs of the truss structure touch directly onto the surface
of the reentry cone. Figure 4.2 depicts this design alternative.
• Advantages: Less complicated to design and construct due to lack of
added complexity from adjustability
• Disadvantages: Unsecure attachment because it relies on friction and
balanced weight distribution to prevent structure from falling over
– High probability of failure due to required placement accuracy
– Not usable on multiple sizes of reentry cones
Figure 4.2.: Fixed truss structure design
4.3.1.2. Adjustable Truss Structure Design
• Summary: The legs of the truss structure are attached to a base plate.
Beneath the base plate there are adjustable grips that secure onto the edges
of the reentry cone. Figure 4.3 depicts this design alternative.
30
4.3 Considered Alternatives Truss Structure
• Advantages: Usable for any size reentry cone
– Secure method of attachment to reentry cone
– Lowers center of balance to keep structure aligned when ascending or
descending
• Disadvantages: Increased complexity due to addition of structure features
– Possibly more difficult to move in water due to added weight
Figure 4.3.: Truss structure design incorporating base plate and grips
4.3.1.3. Conclusion
Based on this alternative analysis, it was decided to incorporate a base plate
and grips into the truss structure design. This design provides the advantage of
usability on mutliple sizes of reentry cones. Furthermore, the adjustable grips
will provide a more secure method of attachment. These adjustable grips are
discussed in Section 4.3.2.
4.3.2. Alternative Analysis of Grips
The adjustable grips are an important feature of this design because it allows the
structure to be used on reentry cones of multiple sizes. The second alternative
analysis performed analyzed the pros and cons of screw grips vs. hinge grips.
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4.3.2.1. Screw Grips
• Summary: The edge of the grip secures using a screw that can be twisted
towards the side of the reentry cone. This twisting movement can be done
by the ROV on each of the reentry cone grips, allowing the structure to be
tightened from all sides as well as be centered on the reentry cone. Figure
4.4 depicts this design.
• Advantages: Requires minimal movement of mechanical parts
• Disadvantages: Require precise movement of ROV to tighten the screws
– Increased setup time
Figure 4.4.: Baseplate with screw grips
4.3.2.2. Hinged Grips
• Summary: The edges of the grips, which are originally perpendicular to
the baseplate, can be adjusted to angle inward such that the edges will
clamp onto the side of the reentry cone. This movement will be performed
by the ROV. Figure 4.5 depicts this design.
• Advantages: More surface area contact with reentry cone will provide
more secure connection
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• Disadvantages: More mechanically moving parts could lead to higher
probability of failure
– Increased complexity of design and assembly
Figure 4.5.: Baseplate with angled grips
4.3.2.3. Conclusion
An alternative analysis is still being performed on these designs; therefore, a final
adjustable grips design has not yet been decided upon.
4.3.3. Alternative Analysis of Shape
A third alternative analysis performed considered the pros and cons of using a
square vs. triangular truss structure base.
4.3.3.1. Square Truss Structure
• Summary: The truss structure will have four supporting legs and a square
base. Figure 4.6 depicts this alternative.
• Advantages: A square base is easier to work with and is more aesthetically
pleasing
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• Disadvantages: Uses more material
– Less stable because of tendency for four-legged structures to wobble
Figure 4.6.: Square truss structure
4.3.3.2. Triangular Truss Structure
• Summary: The truss structure will have three supporting legs and a tri-
angular base. Figure 4.7 depicts this alternative
• Advantages: Usable for any size reentry cone
– Gives the most variability for different sizes of reentry cones
– Lowers center of balance to keep structure aligned when ascending or
descending
– Allows the center of the sensor package to be moved in any direction
in the plane of the rentry cone to allow the best line of access
• Disadvantages: The variability of the design could make for difficulties
in aligning the structure atop the borehole.
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Figure 4.7.: Triangular truss structure
4.3.3.3. Conclusion
Based on this alternative analysis, it was decided that a triangular truss structure
would be used. This design provides the advantage of stability on the reentry
cone as well as using less material. This will minimize material cost.
4.3.4. Alternative Analyses Conclusion
Using SolidWorks, 3D models of the truss structure design options were created
for visual analysis. These models were then shown to the customers for feedback.
It was determined that a stainless steel, three-legged design with a triangular
base and adjustable grips was preferred.
4.4. Truss Structure Mock-up
Throughout the year, the truss structure design underwent many iterations as
feedback was incorporated from various sources. Therefore, to more accurately
visualize this subsystem and ensure the adequacy of our design, it was decided
that a simplified physical mock-up should be built. Once a finalized design for
the truss structure was agreed upon, we moved forward with building a mock-up,
taking into account the following key features:
• Cost: For this initial prototype, we aimed to keep costs as low as possible.
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• Materials: For convenience, we aimed to find a material that was lightweight
and readily available at nearby stores.
• Ease of reassembly: Due to its size, the truss structure must be disas-
sembled and reassembled every time it is transported. Therefore, we aimed
to design the truss structure to be as easy to assemble as possible.
• Size: Since we anticipate the final truss structure being around 15 feet tall,
it was important that the prototype be large enough to convey this size while
still remaining small enough for convenient storage and transportation.
Keeping these important design parameters in mind, it was decided that the
truss structure mock-up would be built using 2”x2” wood beams with simple bolt
connections. Although PVC was briefly considered for the mock-up material, in
the end wood was identified to be the better choice because it is cheaper. Before
beginning construction, a 3D model of the 10 foot mock-up truss structure was
drawn up in Solidworks in order to determine the appropriate lengths and angles
for the wood beams. The final truss structure mock-up can be seen in Figure 4.8.
Figure 4.8.: Truss structure mock-up
Building the mock-up truss structure emphasized the importance of designing
with the end user in mind. Although the mock-up truss structure pictured in
Figure 4.5 is only 10 feet tall, made out of wood, and assembled on land, the
final product will likely be around 15 feet tall, made out of stainless steel, and
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assembled on the rocking deck of an oceanic vessel at sea. These key differences
will make the final truss structure much heavier and more challenging to assemble,
which could prove dangerous to the workers.
The construction process was then analyzed to determine the difficulties in con-
structing and reassembling. The height of the structure will prove to be the most
challenging constraint, and it was determined that builders will face the most dif-
ficulty when constructing the final product on the oceanic vessel. Because safety
is a major concern in construction, this as well as other considerations will need
to be kept in check and are discussed further in Section 9.4.
4.5. Conclusion
Based on the feedback received from customers, we have decided the three-legged
truss structure with adjustable grips would be most beneficial to our project.
The design of the adjustable grips is still in the brainstorming process and will be
incorporated into future design iterations. We modeled the truss structure design
in SolidWorks and using wood. This helped us to visualize the final structure as
well as analyze any hazards during construction.
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Figure 5.1 depicts a conceptual layout of the winch system.
Figure 5.1.: Winch system conceptual layout
As seen in Figure 5.1, the winch system will be powered through wet mates that
connect to an ROV. The winch will be bolted to the base of the truss structure,
and the tether that the winch system spools will thread up around a pulley located
at the top of the truss structure.
5.1. Design Process
The design process for the winch system depends primarily on the overall power
budget because the power budget will determine the size of the tether that the
winch system must hold. The design of the winch system also depends on the
length of the tether and the environmental conditions (such as high pressure and
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salinity) at the bottom of the ocean where the winch system will be operating.
In order to create a winch system in accordance with these design factors, we
identified the following process:
1. Choose a tether with a power rating in accordance with the system’s overall
power budget.
2. Design a pulley properly sized for the chosen tether.
3. Identify suppliers of a winch large enough for the chosen tether size, powerful
enough to handle the weight of the 1000 lbs. sensor package, and durable
enough for the bottom of the ocean.
4. Implement the winch controls with the ability to monitor tether tension
while lowering and stopping on command.
5.2. Functionality and Requirements
Appendix C contains a detailed discussion of the functionality and requirements
of the winch system.
5.3. Considered Alternatives
An important design consideration for the winch system was the location of the
winch on the truss structure. Two possible locations for attaching the winch were
considered: the top of the truss structure or the bottom of the truss structure.
5.3.1. Winch Located at the Top of the Truss Structure
• Summary: The original winch system design proposed locating the winch
at the top of the truss structure, centered directly above the borehole.
Figure 5.2 depicts this alternative.
• Advantages: The tether is automatically centered without requiring an
extra pulley.
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– Closer to center of structure allows for easier balance around the center
of mass
• Disadvantages: Requires truss structure to be strong enough to hold up
the weight of the winch
– Moves center of gravity of the structure higher, making it less stable
and easier to tip over
– Makes reassembly of the structure on the boat more dangerous because
the heavy winch must be lifted an attached at the top of the truss
structure
Figure 5.2.: Winch located at the top of the truss structure
5.3.2. Winch Located at the Bottom of the Truss Structure
• Summary: The winch will be attached off to one side on the base plate at
the bottom of the truss structure. The tether will be looped over a pulley
to center the tether over the borehole. Figure 5.3 depicts this alternative.
• Advantages: Increases stability and safety by locating the heavy winch
closer to the ground
• Disadvantages: More complicated design with addition of pulley
– Risk of tether jumping off the track of the pulley
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Figure 5.3.: Winch located at the bottom of the truss structure
5.4. Conclusion
After carefully considering the pros and cons of the winch location, it was decided
that the best design would be to locate the winch at the bottom of the truss
structure and spool the tether around a pulley. Although there is a risk of the
tether jumping off the track of the pulley, this risk can be minimized by carefully
designing the track of the pulley to securely hold the tether in place. Overall,
designing the winch system with the winch at the bottom of the truss structure
makes the entire structure safer and more stable.
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Interface
The electronics and communication interface are the primary focus of the com-
puter engineering subteam this year. Figure 6.1 depicts the node layout of the
communication interface.
Figure 6.1.: Communication interface
The topside node, located on the marine vessel, includes the interface to the
computer that the scientists will be observing to interpret data. This node will
send data to the lower nodes as well as receive data from the sensors for display.
The hardware node will be located on the winch system to control the raising and
lowering of the sensor package into the borehole. The sensor packet node will be
located on the sensor package being lowered into the borehole. It will gather data
from the sensors and communicate it over fiberoptic communication through a
tether to the topside node. Fiberoptic communication was chosen because it is a
faster and more reliable form of communication.
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6.1. Design Process
To create a design for the electronics and communication interface, we identified
the following process:
1. Research various methods of communications between sensors and a GUI.
2. Learn the standard process of communication used by the Robotics Systems
Laboratory.
3. Implement the standard process of communication with in-house sensors.
4. Create a mock-up of the functional GUI.
5. Draw up detailed wiring schematic and specifications of electronic hardware.
6. Create electronics bottle to connect nodes to GUI.
7. Connect process of communication with mock-up of GUI.
8. Test sending and receiving of data through GUI with in-house sensors.
6.2. Functionality and Requirements
Appendix D contains a detailed discussion of the functionality and requirements
of the electronics and communication interface.
6.3. Considered Alternatives
6.3.1. Standard Communication Interface
• Summary: The standard communication interface used by the Robotic
Systems Laboratory at Santa Clara University is DataTurbine. DataTur-
bine is a data streaming engine that can send and receive data from many
different sources in various formats.
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• Advantages: Easy to understand and implement; easily passed to future
teams
• Disadvantages: Must work with the limited functionality of the existing
communication protocol rather than developing a custom protocol tailored
to the project’s needs.
6.3.2. Custom Communication Interface
• Summary: Create a custom communication interface tailored specifically
to this project.
• Advantages: Malleable and easily used
• Disadvantages: Unfamiliar to future teams and Robotic Systems Labo-
ratory
6.4. Electronics Prototype
As seen in Figure 6.2, the electronics portion of the sensor package prototype built
this year consists of a wooden control box that houses all the topside electronics
and a single pressure bottle that houses all the electronics that will go underwater.
Figure 6.2.: The three main components of the electronics portion of the sen-
sor package prototype are the electronics shelft, the pressure bottle, and the
controls box
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Inside the pressure bottle, there is a custom acrylic shelf designed specifically to
fit into this pressure bottle. The shelf is there to hold the electronics in place.
Mechanical drawings of the control box and sensor package design can be found in
Appendices I and J. An overall system block diagram for the electronics prototype
can be seen in Figure 6.3. A more specific wiring diagram can be seen in Appendix
N.
Figure 6.3.: System block diagram
As seen in Figure 6.3, the overall electronics system consists of a pressure bottle
that houses a microcontroller and several sensors. Outside the pressure bottle,
but still located on the sensor package underwater, there is a camera, light,
motor, and water sampler. A CAT5 Ethernet cable connects the underwater
electronics to the boat, where there is a video monitor, a topside
microcontroller, and a computer.
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6.4.1. Waterproofing the Electronics
It should be noted that many additional steps were required to ensure all elec-
tronics that would be exposed to water were fully waterproofed. All the electrical
connections going into the water were soldered and potted to special waterproof
connectors. More information about the potting process can be found in Ap-
pendix K. More information about the waterproof connectors can be found in
Appendix L. In order to ensure the caps of the pressure bottle were water tight,
o-rings were carefully sized and incorporated. More detail about o-ring selection
can be found in Appendix M.
6.4.2. Sensors Used
Unfortunately, the only two real sensors that will be used in the final design that
were obtained this year were a camera and light. This is because the scientists
took longer than expected to decide on exactly what sensors they want in the
final design. Therefore, for this year it was decided to simply use a few test
sensors: temperature, humidity, and pressure. These three sensors are pictured
in Figure 6.4. Detailed manufacturer information about these three test sensors
can be seen in Appendices O, P, and Q. Detailed manufacturer information about
the camera and light can be found in Appendices R and S.
Figure 6.4.: The three test sensors used were: (a) temperature; (b) pressure;
(c) humidity
The three test sensors – temperature, pressure, and humidity – were chosen be-
cause they are three very standard measurements that are used in basically all
underwater experiments. These three test sensors provided the basic architecture
of something that takes measurements and sends data, which was all that was
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needed to test the communication from the sensor package up the tether to the
boat. To test the communication in the opposite direction, from the boat back
down to the sensor package, two additional electronic components were incorpo-
rated: a DC motor and a relay board. As seen in Figure 6.5, the DC motor is
controlled in order to trigger a water sampler to snap closed and capture water.
The power sizing calculations for the DC motor can be seen in Appendix T.
Figure 6.5.: The water sampler is actuated by a DC motor that rotates to pull
a string that lowers a rod releasing a pin that held the caps open, thus allowing
the caps to snap close. This motor mechanism is an in-house custom addition
to an otherwise off-the-shelf water sampler.
The relay board pictured in Figure 6.6 is simply a panel of electronic switches.
The relay board is used to remotely turn on and off each individual sensor. This
is an extremely important feature of the design because if you have a sensor stop
working at the bottom of the ocean and it needs to be restarted, you do not want
to have to bring the entire sensor package back up to the boat just to restart the
sensor. That is why remote control of the power to each individual sensor is a
vital feature to have in the electronics portion of the prototype.
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Figure 6.6.: Sainsmart 8 channel relay board
In addition to the camera, light, test sensors, motor, and relay board, the un-
derwater portion of the electronics prototype also included an Arduino Nano
microcontroller. Based on a power budget for these eight major components and
the desire to have the prototype last for a full hour of testing, an appropriate
battery was chosen. More detail about the power budget and battery choice can
be found in Appendix U.
6.5. Communication Prototype
6.5.1. Serial Communication
For data communication, we implemented a simplified version of the topside
node and sensor packet node discussed previously. The sensor packet node, im-
plemented with an Arduino Mega microcontroller, is hooked to electrical switches
to allow for turning power on and off to each sensor. Figure 6.7 depicts this con-
nection, located inside the electronics box. The electrical switches can be seen
along the top of the box, and the Arduino Mega can be seen in blue at the bottom
of the box.
Figure 6.7.: Open electronics box with connections between Arduino Mega mi-
crocontroller and electrical switches
48
6.5 Communication Prototype Electronics and Communication Interface
This Arduino Mega gathers data from the electrical switches and passes a packet
of communication along a 25 ft. serial communication tether to the sensor packet
node. This sensor packet node is implemented with an Arduino Nano microcon-
troller. The Arduino Nano is connected inside the electronics bottle to the test
sensors and relay board. It interprets the received data and sends power appro-
priately to the relay board. It then gathers data from the test sensors and sends
a packet of communication back along the tether to the topside node.
6.5.2. Interface to GUI
6.5.2.1. Arduino to Microsoft Excel
Once the data from the sensor packet node has been received by the topside node,
it is placed in a Microsoft Excel spreadsheet using the Arduino patch Gobetwino.
Gobetwino responds to tags sent along serial communication. When data is
received by the topside node, it sends a tag over the serial line to indicate that
the data must be stored. The data is then stored into the spreadsheet.
6.5.2.2. Microsoft Excel to MATLAB
The GUI, created in MATLAB, interfaces with the Excel spreadsheet where the
sensor data is stored. The GUI extracts the data from the Excel sheetl, scales,
and formats it before displaying the data in the appropriate boxes on the GUI.
Figure 6.8 shows the GUI with displayed data.
This GUI has the ability to turn data recording on and off. Furthermore, it has
the ability to display scaled and formatted data from each sensor. Some buttons
have been included for additional future use. For example, although the water
sampler is currently actuated with a mechanical button, this GUI allows for the
ability to press a software button to actuate the motor. Also, although the data
is currently stored in raw format, it would be useful to scientists and other users
of the system to save the formatted data; therefore, the save to file button has
been included for future use.
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Figure 6.8.: GUI Prototype
6.6. Conclusion
Based on a trade-off analysis, we have determined that DataTurbine will provide
us the most functionality for the communication interface. It is familiar to those
who have worked in the Robotics Systems Laboratory, and its functionality fits
our design specifications. We prototyped the communication interface using an
electronics prototype and simplified sensors.
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7. Testing
The Legacy Borehole Project is a three-year effort. Because we are only the first
year of students on the project, we will not reach a full system testing phase
by the time of graduation. Full system testing will not be reached until May
of 2016; however, component testing will begin as early as June of 2014. These
testing plans discuss only testing that will be completed during our phase of the
project, namely, by June of 2014. The test results of year one accomplishments
are discussed below.
7.1. Location of Testing
The system was tested in South Lake Tahoe, CA. The Robotics Systems Labora-
tory at Santa Clara University travels yearly to this location to perform various
testing operations; therefore, this location provided ease of travel and accomo-
dation. Figure 7.1 depicts a map of Lake Tahoe. Circled in red is the primary
location of testing. The testing results are detailed in the following sections.
Figure 7.1.: Lake Tahoe testing location
Source: <http://www.californiasgreatestlakes.com/tahoe_south/tahoe_south_camping_map.html>. Used with permission.
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7.2. Definition of Testing Procedures
Appendix V details the on-dock testing procedure followed before deploying the
system. During testing, three main tests were performed:
1. Sensor correctness test
2. Structure integrity test
3. Display of information test
The following sections detail the procedures and results from each test.
7.2.1. Sensor Correctness Test
The sensor correctness test was performed at Location 1 indicated in Figure 7.1.
The system was lowered with boating rope off the side of a dock to a depth of
approximately 8 ft. Three sensors were tested for correctness:
1. Temperature: expected readings between 25 degrees Celsius and 40 de-
grees Celsius.
2. Pressure: expected readings between 95 kPa and 105 kPa.
3. Humidity: expected readings between 50% and 60%
7.2.1.1. Gathered Data
The above levels of tolerance were established based on the elevation above sea
level and predicted humidity and temperature of the atmosphere. Two sensor
correctness tests were peformed. The first test was performed at 4:30pm on May
15, 2014 and gathered 23 minutes of data. The second test was performed at
9:30am on May 16, 2014 and gathered 13 minutes of data. The following figures
show the data gathered from the second test in graphical format.
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Figure 7.2.: Temperature data gathered
Figure 7.3.: Humidity data gathered
Figure 7.4.: Pressure data gathered
Tables of raw and formatted data are found in Appendix W.
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7.2.1.2. Analysis of Data
Based on our established levels of tolerance stated above, the test data came
relatively close to our expected values.
1. Temperature: Although the temperature readings started between 25 and
35 degrees Celsius, the readings slowly increased to a maximum reading of
approximately 43 degrees Celsius. After analysis of our system, we con-
cluded that the higher-than-expected temperatures were due to the place-
ment of the temperature sensor in the circuit. Our electronics bottle con-
tained a 5V voltage regulator that heated when the system was in contact
with power. The temperature sensor was placed too close to this voltage
regulator; therefore, the high readings were a result of reading dissipated
heat energy.
2. Pressure: The pressure readings were a minimum of approximately 88 kPa
and a maximum of approximately 103 kPa. The pressure readings tended to
decrease over time. This was contrary to our expectations because pressure
should increase as depth increases. Thorough analysis of the data and test
system revealed that the inaccurate pressure drops were due to the lack
of a steady voltage reference. As more instruments were turned on and
the battery ran low, the voltage reference to the sensor dropped, causing
pressure readings to drop over time.
3. Humidity: The humidity readings were a minimum of approximately 50%
and a maximum of approximately 60%. This is consistent with the expected
humidity readings based on the location of the tests and the humidity on
the date the tests were performed.
7.2.1.3. Recommendations for System Improvement
Based on the above test results and analysis, we recommend the following im-
provements for each of the sensors:
1. Temperature: Recommend moving the location of the temperature sen-
sor as far as possible from the 5V voltage regulator. This would increase
accuracy of the temperature readings.
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2. Pressure: Recommend isolating and/or stabilizing the power source such
that there is a constant voltage reference for the pressure conversion.
3. Humidity: Recommend implementing a warning function in the GUI that
flashes if the humidity reading becomes dangerously high.
7.2.2. Structure Integrity Test
The structure integrity test was performed at Location 1 indicated in Figure
7.1. The test was performed at 9:30am on May 16th, 2014. The sensor package
was lowered into a test borehole, made of chicken wire, approximately 12 inches
in diameter. Three main tests were performed to establish the integrity of the
structure:
1. Ability of sensor package to fit in the makeshift borehole
2. Ability of camera to see position of sensor package in the borehole
3. Ability of motor to accurately close the water sampler
7.2.2.1. Gathered Data
1. The system fit into the borehole with minimal struggle when the water
sampler was in the closed position. When the water sampler was in the open
position, the sensor package still fit into the borehole, but with difficulty.
2. The camera angle allowed observers to see only the top of the water sampler
and not the surrounding borehole.
3. The motor actuated and closed the water sampler upon command.
7.2.2.2. Analysis of Data
1. The layout of the sensor package does not allow for movement within the
borehole. Furthermore, the water sampler must be able to open and close
freely, and it’s proximity to the edge of the borehole makes this difficult to
do.
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2. Although the camera performed its function of recording whether the water
sampler had shut completely, it did not provide the additional functionality
of observing the walls of the borehole. Therefore, the current position of
the camera has limited functionality.
3. The water sampler gathered the correct amount of water, and the position
and actuation time of the motor is sufficient to the needs of the system.
7.2.2.3. Recommendations for System Improvement
1. It should be noted that the water sampler has a diameter of approximately
9 inches when in the open position; therefore, the water samplers must
be placed such that they do not interfere with the edges of the borehole.
Furthermore, measurements of the diameter of the sensor package must
be taken with the water sampler in the open position. Also, for the final
design, it is recommended that water samplers with smaller diameters be
used.
2. The camera should be moved up on the sensor package shelf such that it
has the ability to see both the water sampler actuation and the edges of the
borehole.
3. In order to improve the ability of the motor to actuate and close the water
sampler upon command, we recommend replacing the string mechanism
with a cam shaft that presses directly onto the top surface of the water
sampler’s actuation rod. This will eliminate the risk of the long string
getting caught and snapping.
7.2.3. Display of Information Test
The display of information test was performed at Location 1 indicated in Figure
7.1 The test was performed at 10:30am on May 16th, 2014. The system was
lowered with boating rope off the side of a dock to a depth of approximately 4ft.
The following interfaces were tested:
1. Arduino to Gobetwino: Data received on the topside sensor package
node should be correctly transmitted to Gobetwino.
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2. Gobetwino to Microsoft Excel: Data transmitted to Gobetwino should
be correctly recorded in raw format in Microsoft Excel.
3. Microsoft Excel to MATLAB GUI: Data recorded in Microsoft Excel
should be correctly scaled and formatted for display in the MATLAB GUI.
7.2.3.1. Arduino to Gobetwino Analysis
Using Arduino to Gobetwino tags through the serial interface of Arduino, the
data from the sensors was passed from Arduino to Gobetwino. The data showed
accurate readings consistent with the standards set in the sensor correctness test.
7.2.3.2. Gobetwino to Microsoft Excel Analysis
Using Gobetwino tags to send data from Gobetwino to Microsoft Excel, the data
from the sensors was correctly recorded in three separate columns in a Microsoft
Excel spreadsheet. The data recorded in the spreadsheet was consistent with
the data in the Gobetwino tags, indicating that the tags correctly interfaced
information.
7.2.3.3. Microsoft Excel to MATLAB GUI Analysis
The setup seen in Figure 7.5 depicts the Microsoft Excel to MATLAB GUI in-
terface. As seen, the data is correctly read from the Microsoft Excel spreadsheet,
formatted and scaled, and placed in the correct locations in the GUI. The scaling
formulas are consistent with those provided by the sensor manufacturers. These
scalings were hand-checked, and the scaling formulas are as follows:
Temperature(degreesCelsius) = ((rawData ∗ 5)/1024) ∗ 100 (7.1)
Pressure(kPa) = ((rawData ∗ 5)/1024) ∗ 77.5574 (7.2)
Humidity(%water) = (((rawData ∗ 5)/1024)/.030− .866 (7.3)
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Figure 7.5.: Excel to MATLAB interface
7.2.3.4. Recommendations for System Improvement
Currently, the system requires the user to periodically save the Microsoft Excel
spreadsheet in order for the GUI to update the newly-read information. It is
recommended that the Microsoft Excel auto-save feature be enabled and used to
eliminate this user dependency.
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8. Team and Project Management
Our team is split into two sub-teams. The Mechanical Engineering sub-team,
consisting of Maza Brady, Luke Cashman, and Erin Hicks, focused on the design
of the mechanical structure and the layout of the sensor package. The Computer
Engineering sub-team, composed of Erin Hicks and Meghan Richey, focused on
creating the GUI and establishing communication between the sensors and the
GUI. The responsibilities of each team member are indicated in Appendix X.
8.1. Project Challenges and Constraints
For the Legacy Borehole team, challenges arose around team issues such as avail-
able time, collaboration, communication, and personality types. All our team
members were very busy with extracurricular activities. The best way to mit-
igate this problem was for each member to assess his or her schedule and be
honest about how much time he or she has. Each member had some weeks that
are busier than others, and these weeks occured at different times among team
members. The team was honest about when they needed help and when they had
extra time; therefore, a give and take occured that allowed the team to complete
assignments without being overwhelmed.
The idea of allowing others to know when we are busy and when we are free allows
us to improve our communication skills and encourage collaboration. Because we
were able to communicate our needs, were able to support one another and work
together as a group.
Finally, personality types play into the group dynamics of the team. One of the
major characteristics was addressed is the manner in which different members
like to get work done. Some of the team members prefer to do work on their own,
while others enjoy working in a group setting. To appeal to both personality
types, our team had weekly meetings to catch up on what needed to be done, but
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we allowed plenty of time during the week for members to work independently.
Also, if meetings ran short, group members were able to stay and do work together
while those who do not work productively in that setting left. This way, the team
dynamics revolving around personalities was solved with a compromise.
The main constraints for our team were time and money. Money came into play
when we had to decide on which alternatives would be used for the different
subsystems. Some alternatives were more costly than others, and these issues
were considered for the final product. In addition, time was a very limiting
factor, since we only had three quarters to complete a year’s worth of work.
This time was limited further when the collaborating scientist and engineers on
the project became the next critical step. Trying to incorporate the changing
feedback from the customer while creating a preliminary design created a time
crunch that was the largest constraint. The best way to mitigate this problem
was through planning and pressure on those in critical positions to make sure
they were aware of our schedule.
8.2. Budget
Although the overall project has received $1,649,136 in funding from the Ma-
rine Science and Technology Foundation, our first year budget was considerably
smaller, as we only needed to cover the cost of building mockups of the truss
structure and sensor package to do some simple testing and systems integration
work. After talking to our advisors and doing research online, we initially de-
termined that the truss structure could be covered with $50 in supplies from
Home Depot, and the fully functional sensor package could be covered with $200.
We took into account the most expensive parts of the mockup sensor package
that have been donated by the Robotic Systems Laboratory, such as a computer,
monitor, DC motor, and water sampler. Also, we were able to use the Deep Sea
Camera and Lights which were the two sensors that our customers purchased to
be used on the final product two years from now.
When all the parts were finalized and ready to be purchased, though, we realized
the sensor package was going to cost more than anticipated. To save on costs and
get closer to our target goal, we redesigned the truss structure to be made out of
wood instead of PVC pipes because it was much cheaper. In doing so, we cut the
cost of the mockup nearly in half to $28. The travel budget was estimated with
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higher room for error at first because we were very unclear on when and where
we would complete any testing analysis of our systems. Fortunately at the end
of the year, we were able to travel with the Robotic System Lab to Lake Tahoe
for testing our sensor package. This effectively cut the cost from $1000 to $0 to
ensure that we were well under budget. The final budget can be seen in Appendix
Y.
8.3. Timeline
In the fall quarter of 2013, our group performed the preliminary work on research-
ing the instruments needed, finalizing the purchase of instruments, and beginning
to communicate with instruments we have in-house. In the winter quarter of 2014,
we created computer models of the structure and performed finite element analy-
ses to determine its integrity. Furthermore, we finalized the layout of the GUI and
began the communication interface. In the spring quarter of 2014, we finalized
these designs. We built a mock-up of the truss structure and a testable sensor
package prototype. We traveled to Lake Tahoe, CA to gather testing results. See
Appendix Z for spreadsheets detailing the goals for each quarter.
8.4. Design Process
The design process for this project is depicted in Figure 8.1. First, background
research was performed looking into similar past projects and surveying the cus-
tomers to identify the key system requirements. Based on the customer needs
and system requirements, appropriate sensors were chosen. Based on those sensor
choices, the computer engineering team split off to move forward with the com-
munication interface design; meanwhile, the mechanical engineering team moved
forward with the mechanical design and prototype. Finally, the combined me-
chanical and software prototype was tested in Lake Tahoe, and the results from
those tests were used to improve upon the system design.
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Figure 8.1.: Design process used to complete project
8.5. Risk Analysis
Our team has anticipated major risks that we face during the design process of
our system. Appendix AA contains a risk analysis table, detailing the anticipated
risks and mitigation strategies. The probability, severity, and impact of each risk
is also indicated.
8.6. Cost Analysis
To keep costs in check, the scope of our mockups was scaled as the year progressed.
In the case of the sensor package, we saw early on that it was going to be the
most important piece, as the rest of project largely depended on finalizing this
part before moving forward. However, we knew it was only efficient for us to use
sensors that advanced us towards the final product two years from now. Feedback
from our customers told us that they would not have many of the final sensors
purchased until next year, so we decided to research some simple ones that are
used in most oceanic research projects. With a finalized list of sensors and gear
that the Robotic Systems Laboratory could lend us, we were then able to move
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towards purchasing the final equipment. Realizing that our sensor package would
be more expensive than expected due largely to the unexpectedly high price of
the waterproof connectors, we looked at the material choice of our truss structure
again and decided that 2”x2” wood beams would be just as effective as PVC pipe.
The decisions we made were based on the Cost Analysis seen in Figure 8.2.
Figure 8.2.: Costing Analysis Table
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9.1. Manufacturability
Manufacturability is a primary concern of our design team. Given the need to
build the final product within three years, it is important that our design be easy
and fast to manufacture. Also, considering the dangerous conditions – on a ship
out at sea – where our product will be deployed, it is important that we design
for ease of assembly and handling. Manufacturability concepts such as these
will influence our design decisions in all aspects of our project: the mechanical
structure, the sensor package, and the software interface.
The mechanical component of our project consists of a truss structure, base plate,
and winch system that will support and lower our sensor package into the bore-
holes at the bottom of the ocean. The truss structure will be around 14 feet tall,
which means it will be made in pieces that will then be disassembled for trans-
portation and reassembled for deployment. Due to this constant disassembly and
reassembly, it is important for the assembly process to be as simple and straight-
forward as possible. Therefore, we will strive to design a mistake-proof assembly
process in which parts can only be assembled in one way and it is visibly clear
which parts fit together. To make building the mechanical structure cheaper and
easier, we will design for the use of standard parts and materials. Finally, since
every additional part exponentially decreases the probability of a perfect product
and increases the complexity – and thus, the time and money required to build
– we will do our best to minimize the number of parts in the design of the truss
structure, base plate, and winch system.
The design of the sensor package will also take into account manufacturability.
For example, we will be purchasing off-the shelf sensors as much as possible to save
ourselves time and money by not having to modify them ourselves or pay extra for
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the vendors to provide special alterations. Also, our design of the sensor package
housing will take into consideration ease of assembly of the sensor connections
by leaving extra space for the wiring between sensors – which, according to our
mentor Dr. Bill Kirkwood, always takes more room than you might think. Yet
another manufacturing design consideration for the sensor package is modularity.
We will design a modular sensor package to allow for various sensors to be easily
added or removed for different missions. Finally, the sensor package design will
take into consideration ease of handling by strategically laying out the sensors
in the most convenient order. For example, the water sampler will be on the
bottom of the sensor package where it is easiest to reach because it will need to
be accessed the most often.
The software interface will be designed for manufacturability in terms of making
it easy for future teams who take on this project to modify our code. Instead of
writing all of our own software from scratch, we will use the data turbine system.
Since data turbine is a commonly used standard in the Santa Clara University
Robotics Systems Laboratory, it will be easier for other Robotics Lab students to
understand and work on our project in the future. Moreover, taking advantage
of pre-written code will make our software design process much faster and easier
for ourselves.
Overall, manufacturability affects every aspect of our project design. By taking
manufacturability into account, we will produce a cheaper, easier to build, and
easier to use product.
9.2. Health and Safety Concerns
Whenever a project is taking place in an extreme environment, the inherent risks
to health and safety are major concerns. These risks can occur to humans on
the deck of the swaying ship or to the sensors at the bottom of the ocean. Both
of these cases must be carefully analyzed to understand the source of these risks
and how they can be mitigated.
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9.2.1. Assembly of Structure
Assembling the system on the deck of a ship can be dangerous to the engineers
putting it together. A few risk factors that need to be considered are:
1. The movement of the ship
2. The weight of the instruments being moved
3. The height workers will need to be off the deck
These factors are assessed during our design in the following manner:
1. Making sure the heaviest instruments are placed at the lowest part of the
structure.
2. Planning to add a ladder to the exterior of the trusses to assist with topside
construction
3. Planning to make use of the cranes and ropes on the ship to lift heavy
objects in a controlled manner.
By using cranes and ropes on the ship, keeping heavy objects low, and eliminating
the need for stand-alone ladders, we hope to mitigate the health and safety risks
of building on a swaying ship.
9.2.2. Sensor Package Safety
In addition to human safety, we need to consider the safety of the sensors in
the package. It is important to make sure the package can sustain the pressure
at 6000 meters under the sea; otherwise, we could lose precious sensors, and
our investigation would be compromised. Also, if water enters the instrument
package, the resulting buildup of air pressure within it could create an explosion
when being disassembled by crew members after retrieving the package.
To protect the lives of humans and sensors, we have planned for the following
safety precautions:
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1. Performing an extensive finite element analysis to find the weak spots
a) Once identified, they can be supported as needed.
2. Building a safety valve into the finalized sensor package that can be opened
to release any excessive pressure if the chamber is flooded
3. Adding humidity sensors in the package to know ahead of time if the cham-
ber is compromised and has been exposed to moisture
a) The crew members will be warned before opening the package that the
safety valve must be released first to avoid an explosion.
These health and safety concerns are a few of the many that must be considered
for this operation. The way we plan to mitigate these concerns is:
1. Looking ahead for potential hazards
2. Making use of the tools on the boat to lift heavy objects
3. Analyzing the structure through finite element analysis ahead of time
4. Creating safety valves to mitigate the risk of explosion.
In this way, the health and safety of both humans and sensors can be preserved.
9.3. Usability
With the fortune of having a direct line of communication with our customers
comes the convenience of feedback regarding our iterations of system designs. As
we continue to work with Bill Kirkwood on the engineering elements of the system
and Dr. Geoffrey Wheat on the scientific instruments desired for the test bed,
we also come to a better understanding of the details that go into distinguishing
the final design as user-friendly.
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9.3.1. Easy to Handle
Before any tests are run, the entire system should be easily transportable, mean-
ing it will have to come apart into different sections. Then, when it comes time
for reassembly on a ship, it will need to be easy and safe for those workers aboard.
Workers will use the ship’s cranes, ropes, and pulleys to assist in assembly, but
the structure will need to minimize construction work performed above a height
of 10 feet.
9.3.2. Adjustable Base
With the different size reentry cones, the adjustable base will be important.
Whether these are small legs that are welded on for the given cone or slide along
a track, the grips will need to be secure and repeatable with simple instructions
that are easy to understand.
9.3.3. ROV-compatible
After the entire system is set for deployment, it is important to keep the crew
controlling the ship’s crane and ROV in mind. A balanced system around our
structure’s center of buoyancy will make it easy to manage the sensor package’s
descent into the borehole. To take into account the possibility of leaving the
entire system at the borehole, perhaps due to inclement weather, the ship’s crane
as well as the ROV should be able to detach and then re-attach one year later.
This will be a critical criterion in making the system usable in the field.
9.3.4. Modular Sensor Package
For recording different kinds of data, the sensor package will be interchangeable.
Its structure will be modular so a variety of different sensors may be sent down
depending on the data that is needed. The height of the sensors makes an impact
on the design of the modular feature because the sensor package will be vertical
when changing the specific sensors. Something to consider is that sensors may
be too heavy to be lifted safely by one person to a height over 6 feet. Therefore,
to be user-friendly, a design will be needed that keeps the known heavy sensors
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towards the bottom of the package.
9.3.5. Readable GUI
When it comes time to display the data being collected, the GUI interface should
be designed to make it easy to read and understand what is happening in the
borehole while being able to change the data displayed on the screen.
9.4. Ethics
9.4.1. Ethical Justification
The goal of our project is to discover more about the mysterious depths below the
ocean, that is, the subseafloor biosphere. Despite being in a harsh environment,
“95% of the prokaryotes (Bacteria and Archaea) reside in deep subsurface envi-
ronments.”1 This abundant amount of life alongside the fact that “this permeable
basalt ecosystem removes 30% of the Earth’s heat by advection [horizontal move-
ment]” proves that the deep ocean has an unaccounted and unconstrained variable
effect on the rest of the planet; therefore, it is the responsibility of engineers to
inform the public of this impact. Our “endeavor to extend public knowledge”
is called for in the American Society of Mechanical Engineers (ASME) code of
ethics.
Microbial life has been witnessed within the existing boreholes, but never col-
lected. Our project looks to characterize the life forms present in these boreholes
and collect them via water sampling. These could have significant impacts in the
world of medicine, characterization of our environment, and the understanding
of damage we do to the underwater ecosystems.
Classical ethics analyses identify many approaches to employing an ethical lifestyle,
including the utilitarian, or greater good, approach. We examined our project
through this ethical lens; namely, we discussed whether the Legacy Borehole
Project would provide the greatest amount of good to the greatest number of
1Wheat, Geoffery, Katrina Edwards, Bill Kirkwood, Chris Kitts, and Photon Systems. "Dark
Energy Biosphere Initiative - SubsurfacE LifE Characterization Tool (DEBI - SELECT)"
Thesis. University of Alaska, Fairbanks, 2012. Pg 2.
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people. We identified three ways in which our project could move closer to this
greater good:
1. Make more informed decisions to shape our actions that impact the envi-
ronment
2. Better define what constitutes an environmental risk through understanding
of how underwater microsystems work
3. Explore potential for the advancement in pharmaceuticals
9.4.2. Characteristics of Good Engineers
Through the project, we have identified several applications of the characteristics
of a good engineer. Charles Harris, in his article “The Good Engineer: Giving
Virtue Its Due in Engineering Ethics”, notes that engineers not only have to
identify ethical implications on the environment but also must identify ethical
effects on team members and the group as a whole. The four ethical effects are
as follows:
1. Techno-social sensitivity: an engineer must understand the ethical im-
plications of the technology of a project on society.
The Legacy Borehole Project is making use of new technology and has
the potential to provide advancements in medicine. Exploring previously
undiscovered life forms on the ocean floor can lead to new drugs and med-
ical research. Our project has a positive techno-social impact because it
uses new technology for the advancement, not the inhibition, of new re-
search. We have used this positive impact to contribute to the public good;
namely, new medical discoveries could lead to a better way of living for those
currently affected by illness. We currently do not anticipate any negative
techno-social impacts.
2. Positive impact on society: must contribute to public good
We have designed a sensor package to travel into a research borehole and
collect data. This sensor package will consist of
a) Geothermal sensors made of environmentally safe materials
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b) Cameras that do not use unnecessary lighting
c) Lights that will be turned off so as not to affect organisms and will
only be turned on to perform critical sensor readings
Furthermore, the truss structure holding the sensor package will be de-
signed out of environmentally safe materials, including non-corrosive steel
and bolts, such that the materials will not give off harmful emissions that
could impact the ocean floor environment.
3. Ethics of a team: identify ethical implications between team members
and the group as a whole.
Even if the project has a positive impact on the environment, it must also
contribute to the goals of each engineer and the understanding of teamwork.
When we formed our senior design team, we took the following steps to
ensure the project met the needs and contraints of each team member:
a) Analyzed each member’s schedules and previous commitments
b) Voiced opinions on which aspects of the project were most important
to each team member
c) Identified a list of goals based on team member priorities
For example, both Erin and Maza expressed an interest in learning how
to use Finite Element Analysis (FEA) software. Because we wanted team
members to learn new skills throughout this project, we identified FEA as
a top priority for Erin and Maza.
Throughout the year, we:
a) Fairly distributed tasks
b) Contributed to each other’s work when a team member needed extra
help
c) Held weekly check-ins to ensure that team members felt work was
divided fairly
This has a positive ethical implication because each member was able to
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identify the needs of his or her fellow team members rather than focusing
on solely personal goals. Appendices X and Z detail the division of work
among members; as seen, this division is fairly equal.
As a team, we also aim to respect the ethics of fellow team members. We
identified the following issues to which we must conform:
a) Respect the personal and professional lives of each member
b) Provide each member with the opportunity to advance his or her pro-
fessional knowledge
This project will be passed to a new senior design team; therefore, we aim
to mitigate all ethical issues so they can focus on the implementation of
our design. We have provided thorough documentation of ethical issues
explored to our successors such that they are able to fully understand the
ethical implications of the project and build upon them in future project
iterations. We also expect the next team to explore ethical issues that will
arise with new features of the project.
4. Courage through engineering: have courage to identify and analyze
multiple design options
All team members identified a personal goal of advancing personal engi-
neering knowledge. By creating multiple designs of each project compo-
nent, performing in-depth analyses on each design, and identifying a final
solution, we learned the importance of courage through engineering. For ex-
ample, we employed the following process to arrive at a final system design
for our sensor package:
a) Each team member performed initial system design
b) Group compared initial designs (analyzed positive and negative com-
ponents)
c) Incorporate positive components into final design
We learned that each member must have the courage to present a design
and pursue an idea that may not have been promising. Furthermore, a
team member must have the courage to give up a design into which they
invested much time and effort. For example, Maza and Luke designed a
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truss structure with a square base to fit onto various sizes of boreholes.
After meeting with our customers, though, we realized that they would
prefer a triangular base. This triangular base would provide more stablity
and ease of design. Even though our team members put time and effort into
the design of a square base truss structure, they had the courage to forgo
the design and conform to the customers’ needs. If each team member had
not possessed the courage to analyze and present a design while also having
the courage to forgo a previous design to which he or she was dedicated, we
would not have moved forward as a group with a design that best suited
our needs.
Harris states that a good engineer is able to work in a team towards a com-
mon ethical goal, and we have successfully met the goals we identified at
the beginning of the year while staying true to both personal and engineer-
ing codes of ethics. As described above, we incorporated ethical decisions
and discussions from both the Mechanical Engineering Code of Ethics and
the Software Engineering Code of Ethics. By incorporating both disciplines
into our project, we learned that the character of an engineer must make
ethical decisions that will have positive impacts on both the environment
of the project and the team working on the project.
9.4.3. Risks of Project
When analyzing the Legacy Borehole Project, we identified ethical issues within
both the Computer and Mechanical Engineering Codes of Conduct. Detailed
analysis can be seen in Appendix BB. Although all ethical issues are important,
we identified two main issues that would conflict with our personal ethics and
require us to walk away from the project:
1. Protect health and safety: If our project does not support the health
and safety of all those working, we do not want to continue with the design.
As discussed in the Mechanical and Computer Engineering Codes of Ethics,
one primary concern of engineers is to promote the health and safety of all
involved, and we aim to conform to this standard.
2. Account for environmental impacts: If our project does not take into
account the well-being of organisms in the drilled holes, we would no longer
support the efforts. The Mechanical Engineering Code of Conduct dis-
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cusses reducing the effects on the environment, and we plan to explore the
boreholes with the least invasive methods as possible.
For example, we are using lights on the sensor package that are able to be turned
on and off. We do not know the types of life forms living in the boreholes, and
we want to reduce the risk of harming the environment and these organisms by
using harsh lighting. The primary risks for the two parties indicated above and
examples of how each risk will be addressed is summarized in Appendix CC. As
outlined in Appendix CC, we will take care to design and document our project
to minimize the safety risks and warn people of the risks, thus eliminating the
ethical pitfalls of our project.
9.4.4. Conclusion
The Legacy Borehole Project strives to enhance the lives of others through new
scientific findings. With the discovery of new bacteria, both advancements in
pharmaceuticals as well as a better understanding of the natural world can be
achieved. These advancements, however, come with an inherent risk and ethical
implications. Through an in depth analysis of each ethical consequence, the
Legacy Borehole Project is prepared to explore the subseafloor with an awareness
of how the risks can be mitigated.
9.5. Societal Impacts
The Legacy Borehole Project will benefit society in two key ways: by expanding
scientific knowledge, and by discovering bacteria that can be used for pharma-
ceutical advancements.
9.5.1. Expanding Scientific Knowledge
The Legacy Borehole Project aims to explore the seabed, which is made of up
of basaltic layers of rock. These layers are permeated with water, allowing for
microbes to grow. These undiscovered microbes have two direct applications:
• To understand the underwater environment
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• To apply methods of discovery to microbe discovery in other harsh environ-
ments, such as space.
9.5.1.1. Previous Research
Many projects have performed research in this area in the past. For example,
the Ocean Drilling Program Hole 1200D found new bacteria in the ocean floor,
corroborating the speculation that new life forms indeed exist in this environment.
As Geoff Wheat, our principal project investigator, notes, “Every time someone
does something in the subsurface they find a whole bunch of novel microbes.
We sort of know what category they’re in but we don’t necessarily know what
they’re doing.”2 We expect our research to explore not only the discovery of
these new microbes but also their applications. Previous missions have proved
that these bacteria could provide scientific advancements, and we aim to discover
their location and application in society.
9.5.1.2. Understanding the Underwater Environment
By analyzing the microbes that are able to grow in the harsh environment of the
seafloor, we can learn more about the deep sea and how micro-organisms are able
to grow. For example, organisms found there are able to produce their own food
by a process called chemosynthesis. This indicates that these microbes are crucial
to converting inorganic carbon (carbon dioxide that enters the ocean) into organic
carbon. Because the ocean’s ability to convert this carbon is a contribution
to mitigating climate change, scientists hope that understanding this process
through studying new organisms can help understand ways to prevent changes in
the Earth’s environment3.
9.5.1.3. Microbe Discovery in Space
Understanding the underwater environment will in turn lead to developing new
methods of discovery of life in space. Scientists have been actively looking for
signs of life on Mars, and understanding the ways in which these underwater
2Schrope, Mark. “DEBI-SELECT: Probing the Seafloor.” Oct. 2013. Web.
<http://mstfoundation.org/story/DEBI_SELECT>
3Ibid.
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microbes survive will give the scientists new clues on where this life will most
likely be found.
9.5.2. Advancing Pharmaceuticals
The discovery of new microbes, made possible by the Legacy Borehole Project,
holds the potential to save lives in pharmaceutical applications. It is not unheard
of for new bacteria discoveries to lead to breakthroughs in pharmaceutical tech-
nology. In the past, antibiotic4 and antimalarial5 agents have been found in the
depths of the ocean. Indeed, the extensive research being done on simple sponge
organisms and deep sea marine bacteria has identified twelve strains as promising
antimalarial agents. Considering the fact that every year 48,000 people die from
infections in the United States6 and over a million die from malaria worldwide,
we foresee the Legacy Borehole Project saving millions of lives by discovering
new bacteria that can be used for antibiotic, antimalarial, and other types of
pharmaceuticals.
9.6. Environmental Impacts
We predict our project will have an environmental impact in two major areas:
• The discovery of deep sea organisms with applications toward clean energy
• The alleviation of global warming through a better understanding of the
oceans’ absorption of carbon dioxide.
4Fenical, William, and Paul r. Jenson. “Developing a new resource for drug
discovery: marine actinomycete bacteria.” Nature Chemical Biology. Vol. 2.
No. 21. Nature Publishing Group. 15 Nov. 2006. Web. 20 May 2014.
<http://www.nature.com/naturechemicalbiology>
5El Sayed, Khalid A., et al. “Marine Natural Products as Leads to Develop New Drugs and
Insecticides.” Biologically Active Natural Products. CRC Press LLC. 2000. Web. 20 May
2014. <http://www.crcnetbase.com/doi/abs/10.1201/9781420048650.ch17>
6DeNoon, Daniel J. “Hospital Infections Kill 48,000 Each Year.” WebMD Health News. 22
Feb. 2010. Web. 21 May 2014. <http://www.webmd.com/healthy-aging/news/20100222>
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9.6.1. Advancements in Clean Energy
Clean energy is all about taking advantage of readily available energy sources on
Earth. To do this, the field of clean energy tends to copy the energy production
mechanisms used in nature. For example, the field of clean energy is currently
focused on essentially copying the energy production technique of plants by using
solar energy.
For a long time, the sun was thought to be the sole fundamental energy source
for life on Earth. However, in the 1970’s Jack Corliss and his team of researchers
discovered that a whole new type of ecosystem exists at the bottom of the ocean.7
Corliss’ team discovered that in the absence of sunlight deep sea organisms survive
solely off of thermal energy provided by hydrothermal vents. The energy produc-
tion mechanisms of these deep sea organisms has yet to be fully researched and
understood.
The Legacy Borehole Project will enable scientists to study these deep sea ecosys-
tems, the understanding of which can then be applied to the field of clean energy.
Over the past three decades, solar power has made great headway in capturing
a sector of the energy market. According to the Solar Energy Industries Asso-
ciation, “There are now over 13,000 MW of cumulative solar electric capacity
operating in the U.S., enough to power more than 2.2 million average American
homes.”8 Therefore, following a similar implementation timeline, we believe that
in the next three decades improvements in thermal energy production techniques
based on research of deep sea organisms can similarly revolutionize the field of
clean energy, contributing to another 13,000 MW (or 2.2 million households) of
clean energy as has been attained by the solar industry.
9.6.2. Alleviating Global Warming
According to research by the World Ocean Circulation Experiment (WOCE) and
the Joint Global Ocean Flux Study (JGOFS), “the oceans have taken up 48
percent of all carbon dioxide emitted from fossil fuel burning and cement man-
7Ramirez-Llodra, Eva, et al. “Biodiversity and Biogeography of Hydrotheral Vent Species:
Thirty Years of Discovery and Investigations.” Oceanography. Vol. 20. No. 1. Mar. 2007.
<http://www.tos.org/oceanography/archive/20-1_ramirez_llodra.pdf>
8SIAE. “Solar Industry Data.” Solar Industries Energy Association. 2013. Web. 20 May 2014.
<http://www.seia.org/research-resources/solar-industry-data>
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ufacture (a major source of the gas) between 1800 and 1994.”9 Taro Takahashi,
a geochemist researcher at Columbia University, says that studying the ocean as
our Legacy Borehole Project aims to do, “will help us understand Earth’s nat-
ural carbon cycle and formulate a sound strategy for managing carbon dioxide
emissions.”10 This research indicates that the Legacy Borehole project will signif-
icantly contribute to the effort to eliminate global warming by providing a better
understanding of the mechanism that eliminates nearly 50% of greenhouse gasses.
9Pickrell, John. “Oceans Found to Absorb Half of All Man-Made Carbon Dioxide.” National
Geographic News. 15 Jul. 2004. Web. 20 May 2014.
10Ibid.
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10. Conclusion
10.1. Summary
The Legacy Borehole Project aims to explore the subseafloor using existing tech-
nologies and new methods. While we are building off previous methods, we have
developed an innovative data sampling and retrieval system. We have designed
a sensor package support structure and modeled its integrity using finite element
analysis. We have prototyped a small sensor package, a subset of the final sen-
sor package, to use for testing purposes. We have tested this sensor package
prototype in Lake Tahoe and successfully collected data. From these tests, we
established key features of the system and further goals.
10.2. Future Work
Because this is a three-year project, we identified some key steps both for the rest
of this year and for passing the project on to next year’s team. For the end of
this year, we aim to:
1. Perform a final concept review with customers to ensure that we have met
our personal goals as well as moved forward towards the goals of the final
design.
2. Explore additional communication interface options, including beginning to
migrate from serial communication to fiberoptic communication.
3. Recruit next year’s team.
Once the team for next year has been established, we believe the aims for this
team should be to:
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1. Have an additional customer review to establish goals for the second year
of the project.
2. Finalize the design of the subsystems, including:
• Building the truss structure out of the desired material (steel)
• Prototyping the winch system
• Finalizing the sensors used in the final project
• Creating the final GUI with associated sensor data displayed
Over the course of three years, we aim to travel to existing boreholes and gather
accurate data. Our team aims to complete the design phase by the end of this
year, with the hope that future teams can carry our work into the construction
and implementation phases.
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A. Raw Customer Responses
1. From Geoff Wheat we learned:
• Logistics
– exploring the holes in the middle of the Pacific Ocean that have been
undisturbed for 30 years
– ocean currents are minimal at the bottom of the ocean and the ROVs
can easily handle it
– no big sea creatures (maybe some octopi) to worry about
– Common temperatures range from 1C to 30C (design for 70C max)
– Max depth is 1500 m below seafloor (first couple hundred meters are
casing and rest is basalt)
– In case of storm or emergency, design to be able to abandon the system
at bottom of ocean for 1 year
◦ include backup battery pack for cameras to be able to see if re-
coverable
– Geoff will have weekly meetings with Kitts & Kirkwood
• Data sampling
– all sensors need to be real time (except fluorescent spectrometer &
water sampler)
– data will be sampled between 1 time per second to 5 times per second
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– okay to use a running average for real-time data
– Need to stop every meter (every 10 meters deeper down) for sampling
◦ ROV control van team will decide when to stop
– disturbances due to dropping the sensor package & callipers scrap-
ing the wall will help stir up the microbes and is good for the water
sampling
• Interface
– “design for dummies” = simpler the better
– Software needs to have backup mechanical switch just in case
• Sensor Layout
– wants a modular design that allows different sensors to be added/re-
moved between dives
– cameras positions: one pointing up, one pointing down, one pointing
at callipers
◦ looking for cave ins and movement of particles to identify the more
porous regions that are ideal of sampling
– water sampler must be at bottom
– structure needs to be adjustable to various reentry cone sizes
– Sensor package needs to be centered in hole
◦ design a self-centering mechanism(s) to accommodate all cone/-
hole sizes
• Specific sensors
– Calipers
◦ are likely to break so we need a way to eject them underwater
88
Raw Customer Responses Raw Customer Responses
◦ we need a camera looking at them to see when they break
– Water sampler
◦ will probably use a General Oceanics GoFlow bottle or Niskin
style bottle with surgical tubing
◦ MBARI has some of these types of sensors for us to see
◦ Needs to be low to deck & easily accessible by a 6ft tall person
• Safety
– hooking everything up on boat is dangerous & needs to be as simple
as possible
– Moving heavy components on deck safely is a challenge (use cranes &
ropes)
2. From Bill Kirkwood we learned:
• How the structure would connect to the borehole reentry cone
– We will have a baseplate with legs that will extend to grasp the sides
on the borehole reentry cone.
• Where he wanted the origin on the structure
– The origin will be placed below the base of our structure in the center
of the hole that the instrument package will pass through.
• How the ROV would transport the structure down to the borehole
– Jason’s companion robot Medea will have a hook that will clasp onto
the top of the truss structure and lowered down to the bottom of the
ocean. Jason will be attached to the side of the structure to act as
pilot and center the structure on the reentry cone.
• How the truss structure will be assembled on the boat
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– Cranes on the boat will allow us to begin to set up the structure on
its side and then lift it up once assembled.
– The side of the truss structure will have a ladder that will allow people
to climb onto the structure for set up.
3. From Dr. Kitts we learned:
• We might want a mini preliminary probe to send down to analyze if the full
scale project is worthwhile
• Thickness and material of base plate needs to be clarified and its weight
taken into account.
• We need to clarify power sources (will there be batteries in the sensor pack-
age) and how to ensure those could last a year underwater
• We need to do a tradeoff analysis for our mechanical structure
• We need to determine where the ship will be deployed and what the set-up
will look like on the ship
• We should make multiple versions/solutions of the caliper system that will
be used to measure the hole diameter and center the sensor package
• We need to determine specific requirements for the callipers and why they
are needed
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B. Sensor Package Functionality
and Requirements
Figure B.1.: Sensor package functionality and requirements
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C. Mechanical Structure
Functionality and Requirements
Figure C.1.: Mechanical structure functionality and requirements
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D. GUI and Communications
Interface Functionality and
Requirements
Figure D.1.: GUI and communications interface functionality and requirements
93
E. Benchmarking Results
Figure E.1.: Benchmarking results
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Figure E.2.: Benchmarking results for Year 1 Project
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F. Use Cases
Figure F.1.: Use case diagram
F.1. Assemble the System
Actors: Senior engineers, students
Goal: Assemble system for deployment
Pre-conditions: All materials are present on marine vessel for system to be
constructed
Post-conditions: System will be constructed and ready to be deployed
Scenario:
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1. Engineers and students gather all materials on marine vessel.
2. Engineers and students assemble truss structure in a horizontal position.
3. Engineers and students attach sensor package.
4. Engineers and students assemble winch system.
5. Engineers and students lift truss structure to vertical position via cranes
and ropes.
Exceptions:
1. All materials are not present on marine vessel.
a) Return to shore and gather appropriate materials.
2. Students and/or engineers are not able to construct various components
correctly.
a) Have expert present who can step in and complete construction pro-
cess.
3. Structure is too heavy to be lifted into vertical position once assembled.
a) Attach the sensor package after truss structure has been lifted into
vertical position via ladders on sides.
b) Assemble winch system in upright position.
F.2. Lower System to the Borehole
Actors: Scientists, Senior Engineers
Goal: Position truss structure on borehole for data sampling.
Pre-conditions: System is assembled and positioned for deployment.
Post-conditions: System is centered on borehole and ready to collect samples.
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Scenario:
1. Senior engineers connect system to placement ROVs.
2. Scientists control the lowering of the mechanical system via placement ROVs
(these ROVs are not in the scope of our system).
Exceptions:
1. System does not connect to placement ROVs correctly.
a) Adjust connections on system.
F.3. Open GUI for Positioning and Data Sampling
Actors: Scientists
Goal: Have GUI open and ready to control system.
Pre-conditions: System is constructed on marine vessel.
Post-conditions: GUI is open on marine vessel.
Scenario:
1. Scientist navigates to file containing topside GUI on computer on marine
vessel.
2. Scientist opens topside GUI.
3. Scientist establishes connection with system.
Exceptions:
1. Scientist cannot locate file containing GUI.
a) Documentation is on-hand to direct scientist to correct folder
b) Backup computer is ready, if necessary
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2. Scientist cannot establish connection with GUI.
a) Inspect connection tether to ensure it is connected to system correctly.
F.4. Lower Sensor Package into Borehole
Actors: Scientists
Goal: Have sensor package inside borehole to take data samples.
Pre-conditions: System is centered on borehole via the placement ROVs; top-
side GUI is open and running.
Post-conditions: Sensor package is present in borehole and sensors are ready
for data sampling.
Scenario:
1. Scientist navigates to positioning screen on GUI.
2. Scientist enters position commands for the winch system to lower the sensor
package.
3. Sensor package is moved to the desired location via position commands.
Exceptions:
1. Sensor package does not move as desired (could be caused by protrusions
in borehole or faulty connection).
a) Inspect topside connection of GUI to system.
b) Inspect camera feeds for evidence of protrusions in borehole.
c) Take corrective action to fix topside connections or maneuver around
protrusion.
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F.5. Gather Sensor Package Data
Actors: Scientists, Students
Goal: Obtain data from sensors present in borehole.
Pre-conditions: System is lowered into borehole via the topside GUI; topside
GUI is open and running.
Post-conditions: Data is streaming from sensor package to GUI for display.
Scenario:
1. Scientist indicates which sensors from which he would like to receive data
via the topside GUI data sampling screen.
2. Data is displayed on GUI according to pre-determined baud rate.
3. Student visually ensures via camera stream that samples are being taken
correctly.
Exceptions:
1. Data is not displayed
a) STudent troubleshoots the GUI display and data connection, restarting
the program if necessary.
b) Scientist turns off all lights and restarts problematic sensors to allow
for more accurate readings.
2. Samples are not being taken correctly
a) Check all electrical connections.
b) Restart problematic sensors.
c) Identify fault in system, raise sensor package
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G. Sensors Considered for Use
Figure G.1.: Sensors considered for use
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H. FEA Analysis
H.1. Introduction
The mechanical strength analysis is focused purely on the sensor package. The
purpose of the sensor package is to hold the various sensors being used for the
exploration of the sub-seafloor. The package will have different sections to house
each of the sensors. Figure H.1 displays the preliminary design of the structural
supports of the sensor package with shelves that divide the length of the package
and vertical supports that hold the shelves in place. This figure represents one
section of the sensor package which can be duplicated and stacked on top of
another to create a longer structure. The final sensor package will likely be 14
feet long.
Figure H.1.: Sensor package preliminary structure on its side. The shelves are
held together by the long, vertical supports, dividing the package into com-
partments for each sensor.
The shelf and vertical supports were analyzed individually to identify how much
stress and deflection each would experience at their designated thickness and
material. The original design of the structure consisted of 0.25 in thick stainless
steel.
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The Solidworks Express Simulator was used to perform a finite element analysis
on the 3D models of the sensor package’s shelf and supports as well as their
design alternatives. Assuming each shelf will hold only 1 sensor and no sensor
will weigh more than 50 pounds, an evenly distributed load of 100 pounds was
used for the stress analyses (which accounts for a factor of safety of 2). In reality,
the load will be a point load, but due to the limitations of the Solidworks Express
Simulator the load was assumed to be distributed. For the analyses, it was also
assumed that the shelves are fixtured at the 3 equidistant points around their
circumference where the vertical supports are attached. The vertical supports
were assumed to be supported at the points were the shelves connect and loaded
at the holes that support the brackets that will be holding the sensor in place.
H.2. Materials
Stainless steel was chosen for its strength and inert properties. Stainless steel
will corrode slowly underwater and the material is less likely to interfere with
the sensor’s readings. The properties known for stainless stress include: Young’s
Modulus of 2.9x107 psi, Poisson’s ratio of 0.3, yield strength of 25 ksi, and tensile
strength of 74 ksi.
H.3. Simplifying Elements
The sensor package shelf and vertical support were each modeled as a solid plate.
The sensor package shelf was modeled in the pre-FEA analysis as a thin circular
plate. The vertical supports are modeled in the pre-FEA analysis as a solid beam,
with a small thickness.
H.4. External Conditions Considered
The external condition considered for the sensor package shelf include: the weight
of the sensor that would be sitting on the shelf, and the fixturing of the vertical
supports. The weight of the sensor was modelled as an equally distributed 100lb
load. As shown in Figure H.2, the shelf was modeled as fixed at the 3 equidistant
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points on its circumference where it comes into contact with the vertical supports.
Figure H.2.: 3D model of the circular shelf in the Solidworks Express Simulator,
with the defined fixtures shown in green. The distributed load is seen in purple.
The external conditions considered for the vertical supports include: the forces
applied by the brackets at the bracket holes, and the fixturing contributed by the
attached shelves. The brackets will pull the sides of the support inward, while
the shelves will keep the support in place. The forces simulated on to the vertical
support can be seen below in Figure H.3.
Figure H.3.: Vertical support with external condition of the applied load from
the brackets, seen in purple, and the supports from the shelves, seen in green.
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H.5. Expected Outcomes and Points of Possible
Failure
The goal of this analysis is to identify an economical design that fully supports
the load of the entire suite of instruments being used to explore the sub-seafloor.
The design will be economical in the sense that it will use as little material as
possible while still being sufficiently strong for the application. To achieve this
goal, various points of possible failure were explored. For example, the slits in the
shelves and vertical supports were analyzed in particular because these slits were
expected to be sites of failure due to the stress concentrations at those locations.
For the sensor package shelves, two different designs were analyzed. These two
designs differed in shape as well as in the size of the slits where the vertical
supports attach.
For the vertical supports, the two main points of failure analyzed were the slits
where the shelves connect and the slits where the brackets (which hold the sen-
sors in place) thread through the verticals supports. Due to the foreseen stress
concentrations at the bracket holes, the holes were designed to be located away
from the edge (to prevent tearing) and as small as possible while remaining large
enough to fit standard brackets. These considerations led the size of the slit to be
designed at 1" tall by 0.25" wide located 1” from the edge of the material. This
initial bracket hole sizing was temporary, and would be changed based on how
well the configuration held up under loading.
Based on the anticipated modes of failure described above, a failure analysis was
done first by hand treating the vertical support as a beam under loading with
supports at both ends and loads in the middle. For more accurate analysis,
the Solidworks Simulator Express was then used to carry out a complete finite
element analysis of the parts.
H.6. Problems and Shortcomings
No major problems were encountered with our models. Both the shelf and verti-
cal support easily withstood the applied loads they were required to withstand.
Therefore, our adjustments were to make the material thinner to reduce the size
and weight of the design. These adjustments made the structures weaker, but
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still strong enough to support the necessary loads with a factor of safety of 2.
Although there were no problems with our model designs, there were major prob-
lems encountered with the Solidworks Express Simulator. For example, the simu-
lator could only model uniformly distributed loads on the flat surface of the shelf.
This prevented us from being able to accurately model the applied load for the
sensor package shelf. Another problem with the simulator was the fact that it can
only be used to analyze parts and not assembly drawings. This prevented us from
being able to analyze the truss structure portion of our project, which is currently
modelled as a complicated assembly drawing. To address these problems, in the
future we will need to find a different, more powerful simulator.
H.7. CAD and FEA Modeling Results
The first finite element analysis carried out was an analysis of a 0.25 in. thick
stainless steel circular sensor package shelf. This circular shelf design was ana-
lyzed in the Solidworks Express Simulator FEA program, the results of which can
be seen in Figure H.4. As expected, the maximum load was found at the inner
corners of the slits in the material and the greatest deflection was found to be at
the locations between the slits where there is the least amount of support. This
circular shelf design experienced a maximum load of 1,424 psi and a maximum
deflection of 0.0003in. The maximum load was well below the yield strength of
stainless steel (25 ksi), so the structure is strong enough and will not fail. The
maximum deflection was far less than the 0.1 tolerance of space left available for
deflection within the sensor package, so no sensors will be crushed. Overall, these
results indicate the shelf is far stronger than it needs to be and can be redesigned
to be slightly smaller and weaker while still meeting the strength requirements.
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Figure H.4.: FEA analysis of shelf with a thickness of 0.25in and slit width of
0.25 inches. Image on the left CAD of the shelf, the picture in the middle is
the stress patterns of the shelf with its corresponding key , and the image on
the rights is its deflection.
Due to the excessive strength of the sensor package and our desire to achieve a
more economical design, the shelf design was iterated several times. In the first
iteration, inlets were cut out of the original circular design to make room for wires
to be easily passed from one part of the sensor package to the other.
The FEA analysis performed on this new shelf showed no unexpected weak points
and failure was not reached. For this reason, the thickness and slit width were
decreased to 0.125 in. The analysis of this new shelf can be seen below. The
maximum stress was in the same location as before but the maximum deflection
was changed to the center of the circle. This design with a new shelf shape and
thickness experienced a maximum load of 6 ksi and a maximum deflection of
0.002 in. The maximum load was again well below the yield strength of stainless
steel (25 ksi) and the deflection was still far less than 0.1 in available space for
deflection Therefore, despite the weakening changes, the structure is still strong
enough for the desired application.
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Figure H.5.: Shelf design with inlet in between its slits, overall thickness of 0.125
in and slit width of 0.125 in. Image on the left is the CAD of the shelf, the
picture in the middle is the stress patterns of the shelf with its corresponding
key , and the image on the rights is its deflection.
The next FEA analysis performed was an analysis of the vertical supports of the
sensor package. The initial vertical support design consisted of a 0.25 in thick
stainless steel plate with 0.25 inch wide slits where the shelves and brackets are
attached. The results of the FEA analysis of this vertical support design can be
seen in Figure H.6. The maximum load was found at the point where the slits are
furthest into the part and the greatest deflection was found to be at the locations
between the slits where there is the least amount of support. The structure’s
maximum stress experienced was 2.4 ksi and its maximum deflection was 0.001
in. The maximum load was well below the yield strength of stainless steel (25
ksi) and the maximum deflection was far less than the 0.1 in tolerance of space
available for deflection to occur within the sensor package without crushing any
of the sensors housed within. Therefore, this vertical truss is sufficiently strong
for the application.
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Figure H.6.: FEA analysis of the vertical support with a thickness of 0.25in
and slit width of 0.25 inches. Image on the left is the CAD of the support, the
picture in the middle is the stress patterns of the support with its corresponding
key , and the image on the rights is its deflection.
Due to the positive results of the first vertical support analysis, the vertical
support was further modified by reducing its thickness and slit size. This new
vertical structure design still did not fail, and the current variation of the design
has a thickness of 0.125in and a slit width of 0.125 in, as seen in Figure H.7. The
maximum load and deflections were found in the same locations as before. The
modified vertical support still performed well, with a maximum stress of 5.6 ksi
and a maximum deflection of 0.002 in - which are both well below their limiting
factors of 25 ksi yield strength and 0.1 in tolerance, respectively.
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Figure H.7.: FEA analysis of the vertical support with a thickness of 0.125in
and slit width of 0.125 inches. Image on the left is the CAD of the support, the
picture in the middle is the stress patterns of the support with its corresponding
key, and the image on the rights is its deflection.
H.8. Interpretation of Results
The hand calculations for the sensor package shelf and the finite element results
are summarized in Figure H.8.
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Figure H.8.: Comparison of hand calculations and finite element analysis results
for the sensor package shelf.
As seen in Figure H.8, all calculations for maximum stress and deflection - from
both the hand calculations and the finite element analysis - were well below the
25 ksi yield stress of stainless steel and the 0.1 in tolerance of available space,
respectively. In other words, both the hand calculations and the finite element
analysis showed that the sensor package shelf would be sufficiently strong when
made out of either 0.25 in or 0.125 in stainless steel.
Due to their contradictory simplifying assumptions, the hand calculations and
finite element analysis for the sensor package shelf did vary slightly. For example,
the hand calculations assumed the shelf was either simply supported or clamped
all the way around its rim, so the maximum stress and deflection occurred at the
center of the shelf. In contrast, the FEA took into account the actual fixturing
conditions of the shelf being clamped at the 3 discrete points where the vertical
supports attach, which results in the maximum stress occurring at the slits where
the shelves attach and the maximum deflection occurring at the edge of the shelf
in between the shelves. Due to the more thorough clamping modelled in the FEA,
the FEA predicted a smaller maximum stress of 1.42 ksi compared to the 1.83
ksi maximum stress predicted by the hand calculations using weaker fixturing
conditions.
The fact that the hand calculations (which, unlike the Solidworks Express Sim-
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ulator, were able to model a point load) resulted in a maximum stress of 21.3
ksi - over three times larger than the 6.0 ksi max stress predicted by the FEA
uniform loading simulation - indicates that we will likely need to find a way to
model a point load in a better FEA analysis software or we should at least take
a larger factor of safely into account to address the fact that the existence of a
point load will likely result in a much larger applied stress than suggested by the
FEA simulation of uniform loading.
In the case of the vertical supports, the hand calculations as well as the FEA
analysis showed similar results. Although differing numerically, treating a vertical
support as a beam proved effective as both showed that the top of the structure
will experience a higher stress than the lower part of the structure. In the hand
calculations, the absolute maximum shear stress was calculated to be 66.67 psi in
the top half of the support. In contrast, a finite element analysis determined the
maximum stress would be 5.6 ksi and the maximum deflection would be 0.002 in.
The finite element analysis resulted in a higher and more accurate stress because
the hand analysis did not take into account the slits in the vertical supports
which cause stress concentrations. Despite the far higher maximum stress results
from the finite element analysis, the maximum stress is still well below the 25
ksi yield stress of stainless and the maximum deflection is far less than the 0.1 in
tolerance available for the member to deflect without bumping into the sensors
housed within. In other words, the 0.125 in stainless steel design for the vertical
supports is sufficiently strong and will not fail under the loading conditions we
have tested for.
H.9. Conclusions
Overall, the mechanical analyses of the sensor package shelf and supports de-
termined that the original design using 0.25 in steel was excessively strong with
maximum applied stresses of only 1.42 ksi and 2.4 ksi (according to the finite
element result) for the shelf and vertical support, respectively, which are both far
less than the 25 ksi yield stress of stainless steel. Based on these finite element
analysis results along with hand calculations for maximum stress and deflection,
the designs of both the sensor package shelf and vertical supports were thinned
down to be only 0.125 in thick. The sensor package shelf was also shrunk down to
include inlets that provided dual benefits of making the part smaller and lighter
while also conveniently making room for the passage of wires from one section of
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the sensor package to the next. A finite element analysis of the new structure
indicated that the final design using 0.125 in stainless steel will only experience
maximum stresses of 6.0 ksi and 5.6 ksi for the shelf and vertical support, respec-
tively, which are once again far below the 25 ksi yield stress of stainless steel.
In other words, even with several weakening alterations, the final design is still
sufficiently strong for the application.
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I. Mechanical Drawing of Controls
Box
Figure I.1 shows the mechanical drawing used to laser cut the controls box
out of a sheet of ¼” thick pinewood. This box design was created using box-
maker.rahulbotics.com.
Figure I.1.: Mechanical drawing of wooden controls box
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J. Mechanical Drawing of
Electronics Shelf
Figure J.1 shows the mechanical drawing used to laser cut the electronics shelf
out of 1/8” acrylic. The electronics shelf is formed from three pieces: two circular
shelves and one vertical support.
Figure J.1.: Mechanical drawing of the electronics shelf and vertical support
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Potting is the process of sealing electronics by encapsulating all of the wiring in an
epoxy. For this project the epoxy used was the 3M Scotchcast Flame Retardant
Compound Number 1231. Manufacturer information about this epoxy can be
found below. A complete list of the materials and tools used for the potting
process can be seen in Figure K.1.
Figure K.1.: Materials and tools used to pot electronic connectors
For this project, the only electrical connection to be potted was the connection
between the tether (in this case, a 25 foot Ethernet cable) and the 12 pin con-
nector that plugged into the sensor bottle. The steps used to pot and thoroughly
waterproof this electrical connection are outlined below:
1. Cut off the end of the Ethernet cable and strip the appropriate wires. (See
Appendix N for the wiring diagram used.)
2. Slide the 3/8” heat shrink onto the Ethernet cable and the 1/8” heat shrink
onto each wire to be soldered.
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3. Solder the appropriate wires from the tether to the 12 pin connector and
use the heat gun to shrink the heat shrink over each solder joint.
4. Heat and tape the bottom inch of the ¾” heat shrink at an appropriate
point such that the heat shrink covers all of the exposed wires and solder
joints. This heat shrink is creating a cup for the epoxy to be poured into.
Shrinking and taping the bottom closed prevents the epoxy from leaking
out.
5. Clamp or hang the wires such that the open end of the ¾” heat shrink is
pointing straight up. Place paper towels below the wires to catch any epoxy
that may drip.
6. Put on gloves and then mix the epoxy in the paper cup for 30 sec.
7. Funnel the epoxy into the ¾”heat shrink. The heat shrink should be filled
with epoxy to the very rim. Work quickly because the epoxy sets within 5
minutes.
8. Allow the epoxy to dry overnight.
117
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Description 
 
3M™ Scotchcast™ Flame-Retardant Compound 2130 is a two-part polyurethane 
resin designed to replace the cable jacket when splicing or repairing mine and 
portable cables.  Its unique formulation makes it particularly suited to withstand the 
rugged conditions under which mine and portable cables must operate.  When used in 
accordance with the appropriate kit configuration, 2130 Compound conforms to MSHA 
30 CFR 18.64. 
  
Flame-Retardant  2130 Compound is also used as the insulating material for cable 
splices operating at up to 1000 volts and designed for 194ºF (90ºC) continuous 
use/266ºF (130ºC) overload.   
 
This compound is available in a convenient, pre-measured, two-part closed mixing 
pouch of the following sizes: 
 
  
Bag Weight oz (g) 
Volume 
in3 (cm3) 
B Size 7.6 (216) 10.7 (175,3) 
C Size 21.7 (616) 30.5 (500) 
  
 
Bulk components of 2130 Compound are also available in 45 pound (20,4 kg) 
quantities, packaged in 5 gallon (18,9 L) containers. 
 
 
 
Features 
 
• Flame-Retardant 
• Bonds to most modern cable jackets 
• Bonds to itself 
• Tough, yet flexible 
• Available in unique closed mixing pouch for easy mixing and pouring 
• Excellent multi-purpose moisture sealing resin 
 
 
Applications 
 
• To replace or repair the jacket on both single and multi-core power cables  
• To insulate between conductors of multi-core splices operating at up to 1000 volts 
• To seal the crotch or sheath when terminating multi-core cables 
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Typical Properties 
 
 
Not for specifications.  Values are typical, not to be considered minimum or maximum. 
Properties measured at room temperature 73°F (23°C) unless otherwise stated. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Physical Properties (Test Method) Typical Value US units (metric) 
Color Black 
Hardness (ASTM D2240) 83 Shore A 
Density  0.702 oz/in3 (1,215 g/cm3) 
Tensile Strength  (ASTM D412)  1080 psi (75,9 kg/cm2) 
Elongation  (ASTM D412) 377% 
Glass Transition Temperature, Tg (DMA) -112 ºF (-80ºC) 
Maximum Exotherm, 100g (3M Method TM-67) 145ºF (62,9ºC) rise  
Gel Time @ 75ºF (23ºC) (3M Method TM-67) 17 minutes 
Moisture Absorption  (ASTM D471) 
  168 hrs. Immersion @ 212ºF (100ºC) 
 
2.84% 
Electrical Properties (Test Method) Typical Value 
Dielectric Strength   (ASTM D149) 371 V/mil (14,6 kV/mm) 
Dielectric Constant, @ 60Hz 
(ASTM D150) 
   5.07 @  73ºF (23ºC) 
   5.82 @140ºF (60ºC) 
   6.24 @194ºF (90ºC) 
Dissipation Factor, @ 60Hz 
(ASTM D150) 
  3.1% @  73ºF (23ºC) 
  5.8% @140ºF (60ºC) 
14.0% @194ºF (90ºC) 
 
Usage Information 
 
IMPORTANT: 
Product should remain in the sealed container/envelope until ready to use.  In cold 
weather, warm closed mixing pouch to 60°F (16°C) or warmer before mixing.  Keep in a 
warm area, such as truck cab or inside pocket, until ready to use. 
 
Closed Mixing Pouch: 
• Tear open the protective envelope and remove the closed mixing pouch 
• Before breaking the barrier, squeeze the bag to premix the separate components. 
• Firmly grasp each flat side of the bag near the center barrier, while pulling the sides of 
the barrier apart and rolling the sides of thumbs through the barrier.  Break the barrier 
all the way across to the side seals. 
• Alternately squeeze each end of the bag, forcing the resin back and forth (30 seconds).
• Strip the resin from the corners of the bag and continue to mix until the color is uniform 
(additional 30 seconds, maximum). 
• Clip off a corner of the closed mixing pouch and pour 
 
Bulk Components: 
Measure the appropriate quantity of each component as indicated in the table below, then 
thoroughly mix to a uniform color and consistency prior to use.  Bulk components should 
be blanketed with nitrogen to prevent moisture contamination. 
  
Component Color Weight Ratio (w/w) 
Volume Ratio
(v/v) 
Part A Pale Yellow 1 1 
Part B Black 2.1 1.76 
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Usage Information, 
continued 
 
 Typical De-Mold/Cure Time: 
 
 
 
 
 
 
 
NOTE: Values are typical, not to be considered minimum or maximum.  Always 
confirm that material is no longer tacky prior to de-molding. 
 
 
 
 
Handling and Safety Precautions: 
Read all Health Hazard, Precautionary and First Aid statements found in the Material 
Safety Data Sheet (MSDS) and/or product label of chemicals prior to handling or use. 
 
 
 
Temperature De-Mold Time Approximate Cure Time 
 70°F (21 °C) 1.5 – 2 hrs 16 – 24 hours 
 50°F (10°C) 3.5 – 4 hrs 24 – 30 hours 
32°F  (0°C) 6 – 8 hrs 36+  hours 
   Caution 
Working around energized electrical systems may cause serious injury or death.  Installation 
should be performed by personnel familiar with good safety practice in handling electrical 
equipment.  De-energize and ground all electrical systems before installing product. 
 
Shelf Life & 
Storage 
 
3M™ Scotchcast™ Flame-Retardant Compound 2130 has a 3-year shelf life from date 
of manufacture when stored in the factory-sealed packaging under humidity controlled 
storage (10°C/50°F to 27°C/80°F and <75% relative humidity). 
 
 
Availability 
 
Please contact your local distributor; available from 3M.com/electrical [Where to Buy] or 
call 1.800.245.3573. 
 
 
Important Notice 
 
All statements, technical information, and recommendations related to 3M’s products are based on information believed to 
be reliable, but the accuracy or completeness is not guaranteed. Before using this product, you must evaluate it and 
determine if it is suitable for your intended application. You assume all risks and liability associated with such use. Any 
statements related to the product, which are not contained in 3M’s current publications, or any contrary statements 
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M. O-ring Calculations
For this project, o-rings were used to ensure the caps of the pressure bottle were
water tight. An o-ring is essentially a rubber ring that gets squooshed between
two mating surfaces at a joint that needs to be water tight. As shown in Figure
M.1, the caps of the pressure bottle have indents called glands. The dimensions
of the pressure bottle caps’ glands are summarized in Figure M.2. The glands in
the pressure bottle’s caps must be filled with o-rings in order to seal the bottle.
Figure M.1.: Pressure bottle and caps
Figure M.2.: Dimensions of glands in pressure bottle caps
The o-ring application depicted in Figure M.1 is referred to as a static face seal.
According to Darcoid Nor-Cal Seal Company, for static face seals the key speci-
fications for sizing an o-ring are:1
1“O-Ring Optimization.” Darciod Nor-Cal Seal Company. Web. 8 May 2014.
<https://bayareatechsource.com/uploads/O-Ring_Optimization.pdf>
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• 20-32% squeeze
• 75-93% gland fill
• 1-5% stretch
Based on these parameters, the necessary o-ring dimensions were calculated as
follows:
Based on the above calculations, it was determined that the o-rings needed to
have an inner diameter of about 2.77 in. and have a thickness of 0.1 in. Therefore,
the 2.737 in. diameter and 0.103 in. thick Buna-N O-rings from McMaster-Carr
were chosen.
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N. Detailed Wiring Diagram
The wiring for the prototype sensor package consists of two separate portions: the
controls box that sits on the boat and the sensor package that goes underwater.
The sensor package and controls box are connected by a CAT5 Ethernet cable
that serves as a tether. Figures N.1 and N.2 show detailed wiring schematics for
the controls box and sensor package, respectively.
Figure N.1.: Control box wiring
Figure N.2.: Sensor package wiring
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These devices have limited built-in ESD protection. The leads should be shorted together or the device placed in conductive foam
during storage or handling to prevent electrostatic damage to the MOS gates.
CONNECTION DIAGRAMS
METAL CAN PACKAGE SMALL-OUTLINE MOLDED PACKAGE
TO (NDV) SOIC-8 (D)
TOP VIEW
Case is connected to negative pin (GND)
N.C. = No connection
PLASTIC PACKAGE PLASTIC PACKAGE
TO-92 (LP) TO-220 (NEB)
BOTTOM VIEW
Tab is connected to the negative pin
(GND).
NOTE: The LM35DT pinout is different than
the discontinued LM35DP
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ABSOLUTE MAXIMUM RATINGS (1) (2)
MIN MAX UNIT
Supply voltage –0.2 35 V
Output voltage –1 6 V
Output current 10 mA
Electrostatic discharge (ESD) susceptibility (3) 2500 V
Storage temperature TO Package –60 180
TO-92 Package –60 150
°C
TO-220 Package –65 150
SOIC-8 Package –65 150
Lead temperature TO Package (soldering, 10 seconds) 300
TO-92 and TO-220 Package (soldering, 10 seconds) 260
°C
SOIC Package Infrared (15 seconds) 220
Vapor phase (60 seconds) 215
Specified operating temperature LM35, LM35A –55 150
range: TMIN to TMAX(4) LM35C, LM35CA –40 110 °C
LM35D 0 100
(1) If Military/Aerospace specified devices are required, please contact the Texas Instruments Sales Office/ Distributors for availability and
specifications.
(2) Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. DC and AC electrical specifications do not
apply when operating the device beyond its rated operating conditions. See Note 1.
(3) Human body model, 100 pF discharged through a 1.5-kΩ resistor.
(4) Thermal resistance of the TO-46 package is 400°C/W, junction to ambient, and 24°C/W junction to case. Thermal resistance of the TO-
92 package is 180°C/W junction to ambient. Thermal resistance of the small outline molded package is 220°C/W junction to ambient.
Thermal resistance of the TO-220 package is 90°C/W junction to ambient. For additional thermal resistance information see table in the
APPLICATIONS section.
ELECTRICAL CHARACTERISTICS (1) (2)
LM35A LM35CA
UNITSPARAMETER TEST CONDITIONS TYP TESTED DESIGN TYP TESTED DESIGN (MAX.)
LIMIT (3) LIMIT (4) LIMIT (3) LIMIT (4)
TA = 25°C ±0.2 ±0.5 ±0.2 ±0.5
TA = –10°C ±0.3 ±0.3 ±1Accuracy (5) °C
TA = TMAX ±0.4 ±1 ±0.4 ±1
TA = TMIN ±0.4 ±1 ±0.4 ±1.5
Nonlinearity (6) TMIN ≤ TA ≤ TMAX ±0.18 ±0.35 ±0.15 ±0.3 °C
Sensor gain TMIN ≤ TA ≤ TMAX +10 +9.9, +10 +9.9, mV/°C(average slope) +10.1 +10.1
TA = 25°C ±0.4 ±1 ±0.4 ±1Load regulation (7) mV/mA0 ≤ IL ≤ 1 mA TMIN ≤ TA ≤ TMAX ±0.5 ±3 ±0.5 ±3
TA = 25°C ±0.01 ±0.05 ±0.01 ±0.05Line regulation (7) mV/V
4 V ≤ VS ≤ 30 V ±0.02 ±0.1 ±0.02 ±0.1
(1) Unless otherwise noted, these specifications apply: −55°C ≤ TJ ≤ 150°C for the LM35 and LM35A; −40°C ≤ TJ ≤ 110°C for the LM35C
and LM35CA; and 0°C ≤ TJ ≤ 100°C for the LM35D. VS = 5 Vdc and ILOAD = 50 μA, in the circuit of Figure 2. These specifications also
apply from +2°C to TMAX in the circuit of Figure 1. Specifications in boldface apply over the full rated temperature range.
(2) Specifications in boldface apply over the full rated temperature range.
(3) Tested Limits are ensured and 100% tested in production.
(4) Design Limits are ensured (but not 100% production tested) over the indicated temperature and supply voltage ranges. These limits are
not used to calculate outgoing quality levels.
(5) Accuracy is defined as the error between the output voltage and 10 mv/°C times the case temperature of the device, at specified
conditions of voltage, current, and temperature (expressed in °C).
(6) Nonlinearity is defined as the deviation of the output-voltage-versus-temperature curve from the best-fit straight line, over the rated
temperature range of the device.
(7) Regulation is measured at constant junction temperature, using pulse testing with a low duty cycle. Changes in output due to heating
effects can be computed by multiplying the internal dissipation by the thermal resistance.
Copyright © 1999–2013, Texas Instruments Incorporated Submit Documentation Feedback 3
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ELECTRICAL CHARACTERISTICS(1)(2) (continued)
LM35A LM35CA
UNITSPARAMETER TEST CONDITIONS TYP TESTED DESIGN TYP TESTED DESIGN (MAX.)
LIMIT (3) LIMIT (4) LIMIT (3) LIMIT (4)
VS = 5 V, 25°C 56 67 56 67
VS = 5 V 105 131 91 114Quiescent current (8) µA
VS = 30 V, 25°C 56.2 68 56.2 68
VS = 30 V 105.5 133 91.5 116
4 V ≤ VS ≤ 30 V, 25°C 0.2 1 0.2 1Change of quiescent µAcurrent (7) 4 V ≤ VS ≤ 30 V 0.5 2 0.5 2
Temperature +0.39 +0.5 +0.39 +0.5
coefficient of µA/°C
quiescent current
Minimum temperature In circuit of Figure 1, IL = 0 +1.5 +2 +1.5 +2 °Cfor rate accuracy
Long term stability TJ = TMAX, for 1000 hours ±0.08 ±0.08 °C
(8) Quiescent current is defined in the circuit of Figure 1.
ELECTRICAL CHARACTERISTICS (1) (2)
LM35 LM35C, LM35D
UNITSPARAMETER TEST CONDITIONS TYP TESTED DESIGN TYP TESTED DESIGN (MAX.)
LIMIT (3) LIMIT (4) LIMIT (3) LIMIT (4)
TA = 25°C ±0.4 ±1 ±0.4 ±1
TA = –10°C ±0.5 ±0.5 ±1.5Accuracy, LM35, °CLM35C (5) TA = TMAX ±0.8 ±1.5 ±0.8 ±1.5
TA = TMIN ±0.8 ±1.5 ±0.8 ±2
TA = 25°C ±0.6 ±1.5
Accuracy, LM35D (5) TA = TMAX ±0.9 ±2 °C
TA = TMIN ±0.9 ±2
Nonlinearity (6) TMIN ≤ TA ≤ TMAX ±0.3 ±0.5 ±0.2 ±0.5 °C
Sensor gain TMIN ≤ TA ≤ TMAX +10 +9.8, +10 +9.8, mV/°C(average slope) +10.2 +10.2
TA = 25°C ±0.4 ±2 ±0.4 ±2Load regulation (7) mV/mA0 ≤ IL ≤ 1 mA TMIN ≤ TA ≤ TMAX ±0.5 ±5 ±0.5 ±5
TA = 25°C ±0.01 ±0.1 ±0.01 ±0.1Line regulation (7) mV/V
4 V ≤ VS ≤ 30 V ±0.02 ±0.2 ±0.02 ±0.2
(1) Unless otherwise noted, these specifications apply: −55°C ≤ TJ ≤ 150°C for the LM35 and LM35A; −40°C ≤ TJ ≤ 110°C for the LM35C
and LM35CA; and 0°C ≤ TJ ≤ 100°C for the LM35D. VS = 5 Vdc and ILOAD = 50 μA, in the circuit of Figure 2. These specifications also
apply from +2°C to TMAX in the circuit of Figure 1. Specifications in boldface apply over the full rated temperature range.
(2) Specifications in boldface apply over the full rated temperature range.
(3) Tested Limits are ensured and 100% tested in production.
(4) Design Limits are ensured (but not 100% production tested) over the indicated temperature and supply voltage ranges. These limits are
not used to calculate outgoing quality levels.
(5) Accuracy is defined as the error between the output voltage and 10 mv/°C times the case temperature of the device, at specified
conditions of voltage, current, and temperature (expressed in °C).
(6) Nonlinearity is defined as the deviation of the output-voltage-versus-temperature curve from the best-fit straight line, over the rated
temperature range of the device.
(7) Regulation is measured at constant junction temperature, using pulse testing with a low duty cycle. Changes in output due to heating
effects can be computed by multiplying the internal dissipation by the thermal resistance.
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ELECTRICAL CHARACTERISTICS(1)(2) (continued)
LM35 LM35C, LM35D
UNITSPARAMETER TEST CONDITIONS TYP TESTED DESIGN TYP TESTED DESIGN (MAX.)
LIMIT (3) LIMIT (4) LIMIT (3) LIMIT (4)
VS = 5 V, 25°C 56 80 56 80
VS = 5 V 105 158 91 138Quiescent current (8) µA
VS = 30 V, 25°C 56.2 82 56.2 82
VS = 30 V 105.5 161 91.5 141
4 V ≤ VS ≤ 30 V, 25°C 0.2 2 0.2 2Change of quiescent µAcurrent (9) 4 V ≤ VS ≤ 30 V 0.5 3 0.5 3
Temperature +0.39 +0.7 +0.39 +0.7
coefficient of µA/°C
quiescent current
Minimum temperature In circuit of Figure 1, IL = 0 +1.5 +2 +1.5 +2 °Cfor rate accuracy
Long term stability TJ = TMAX, for 1000 hours ±0.08 ±0.08 °C
(8) Quiescent current is defined in the circuit of Figure 1.
(9) Regulation is measured at constant junction temperature, using pulse testing with a low duty cycle. Changes in output due to heating
effects can be computed by multiplying the internal dissipation by the thermal resistance.
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TYPICAL PERFORMANCE CHARACTERISTICS
THERMAL RESISTANCE
JUNCTION TO AIR THERMAL TIME CONSTANT
Figure 3. Figure 4.
THERMAL RESPONSE IN STILL AIR THERMAL RESPONSE IN STIRRED OIL BATH
Figure 5. Figure 6.
QUIESCENT CURRENT
MINIMUM SUPPLY VOLTAGE vs
vs TEMPERATURE
TEMPERATURE (IN CIRCUIT OF Figure 1)
Figure 7. Figure 8.
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TYPICAL PERFORMANCE CHARACTERISTICS (continued)
QUIESCENT CURRENT
vs ACCURACY
TEMPERATURE vs
(IN CIRCUIT OF Figure 2) TEMPERATURE (ENSURED)
Figure 9. Figure 10.
ACCURACY
vs
TEMPERATURE (ENSURED) NOISE VOLTAGE
Figure 11. Figure 12.
START-UP RESPONSE
Figure 13.
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APPLICATIONS
The LM35 is applied easily in the same way as other integrated-circuit temperature sensors. Glue or cement the
device to a surface and the temperature should be within about 0.01°C of the surface temperature.
This presumes that the ambient air temperature is almost the same as the surface temperature. If the air
temperature were much higher or lower than the surface temperature, the actual temperature of the LM35 die
would be at an intermediate temperature between the surface temperature and the air temperature, which is
especially true for the TO-92 plastic package where the copper leads are the principal thermal path to carry heat
into the device, so its temperature might be closer to the air temperature than to the surface temperature.
To minimize this problem, ensure that the wiring to the LM35, as it leaves the device, is held at the same
temperature as the surface of interest. The easiest way to do this is to cover up these wires with a bead of epoxy
which will insure that the leads and wires are all at the same temperature as the surface, and that the
temperature of the LM35 die is not affected by the air temperature.
The TO-46 metal package can also be soldered to a metal surface or pipe without damage. Of course, in that
case the V− terminal of the circuit will be grounded to that metal. Alternatively, mount the LM35 inside a sealed-
end metal tube, and then dip into a bath or screw into a threaded hole in a tank. As with any IC, the LM35 and
accompanying wiring and circuits must be kept insulated and dry, to avoid leakage and corrosion. This is
especially true if the circuit may operate at cold temperatures where condensation can occur. Printed-circuit
coatings and varnishes such as Humiseal and epoxy paints or dips are often used to insure that moisture cannot
corrode the LM35 or its connections.
These devices are sometimes soldered to a small light-weight heat fin to decrease the thermal time constant and
speed up the response in slowly-moving air. On the other hand, a small thermal mass may be added to the
sensor, to give the steadiest reading despite small deviations in the air temperature.
Table 1. Temperature Rise of LM35 Due To Self-heating (Thermal Resistance, θJA)
SOIC-8 (2),TO, no heat TO (1), small TO-92, no heat TO-92 (2), small SOIC-8, no TO-220, nosmall heatsink heat fin sink heat fin heat sink heat sinkfin
Still air 400°C/W 100°C/W 180°C/W 140°C/W 220°C/W 110°C/W 90°C/W
Moving air 100°C/W 40°C/W 90°C/W 70°C/W 105°C/W 90°C/W 26°C/W
Still oil 100°C/W 40°C/W 90°C/W 70°C/W
Stirred oil 50°C/W 30°C/W 45°C/W 40°C/W
(Clamped to
metal, Infinite (24°C/W) (55°C/W)
heat sink)
(1) Wakefield type 201, or 1-in disc of 0.02-in sheet brass, soldered to case, or similar.
(2) TO-92 and SOIC-8 packages glued and leads soldered to 1-in square of 1/16-in printed circuit board with 2-oz foil or similar.
8 Submit Documentation Feedback Copyright © 1999–2013, Texas Instruments Incorporated
Product Folder Links: LM35
132
LM35
+
OUT
HEAVY CAPACITIVE LOAD, WIRING, ETC.
TO A HIGH-IMPEDANCE LOAD
v
75
1 PF
0.01 PF BYPASS
OPTONAL
LM35
+
OUT
2 k
HEAVY CAPACITIVE LOAD, WIRING, ETC.
TO A HIGH-IMPEDANCE LOAD
v
LM35
www.ti.com SNIS159D –AUGUST 1999–REVISED OCTOBER 2013
TYPICAL APPLICATIONS
Figure 14. LM35 with Decoupling from Capacitive Load
Figure 15. LM35 with R-C Damper
CAPACITIVE LOADS
Like most micropower circuits, the LM35 has a limited ability to drive heavy capacitive loads. The LM35 alone is
able to drive 50 pf without special precautions. If heavier loads are anticipated, isolating or decoupling the load
with a resistor is easy (see Figure 14). Or you can improve the tolerance of capacitance with a series R-C
damper from output to ground (see Figure 15).
When the LM35 is applied with a 200-Ω load resistor as shown in Figure 16, Figure 17, or Figure 19, the device
is relatively immune to wiring capacitance because the capacitance forms a bypass from ground to input and not
on the output. However, as with any linear circuit connected to wires in a hostile environment, performance is
affected adversely by intense electromagnetic sources such as relays, radio transmitters, motors with arcing
brushes, and SCR transients, as the wiring acts as a receiving antenna and the internal junctions act as
rectifiers. For best results in such cases, a bypass capacitor from VIN to ground and a series R-C damper, such
as 75 Ω, in series with 0.2 or 1 μF from output to ground are often useful. These are shown in Figure 24,
Figure 24, and Figure 27.
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Figure 16. Two-Wire Remote Temperature Sensor
(Grounded Sensor)
Figure 17. Two-Wire Remote Temperature Sensor
(Output Referred to Ground)
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Figure 18. Temperature Sensor, Single Supply
(−55° to +150°C)
Figure 19. Two-Wire Remote Temperature Sensor
(Output Referred to Ground)
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Figure 20. 4-To-20 mA Current Source
(0°C to 100°C)
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Figure 21. Fahrenheit Thermometer
Figure 22. Centigrade Thermometer
(Analog Meter)
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Figure 23. Fahrenheit Thermometer, Expanded Scale Thermometer
(50°F to 80°F, for Example Shown)
Figure 24. Temperature To Digital Converter
(Serial Output)
(128°C Full Scale)
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Figure 25. Temperature To Digital Converter
(Parallel TRI-STATE Outputs for Standard Data Bus to μP Interface.)
(128°C Full Scale)
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*=1% or 2% film resistor
Trim RB for VB = 3.075 V
Trim RC for VC = 1.955 V
Trim RA for VA = 0.075 V + 100 mV/°C ×Tambient
Example, VA = 2.275 V at 22°C
Figure 26. Bar-Graph Temperature Display (Dot Mode)
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Figure 27. LM35 With Voltage-To-Frequency Converter And Isolated Output
(2°C to 150°C; 20 to 1500 Hz)
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BLOCK DIAGRAM
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Ordering Information
Pressure Ranges+
+Typical ranges. All ranges between 0-25 PSI and 0-10,000 PSI available. **Compound ranges up to -14.7 to 500 PSI available. Please consult factory.
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-14.7 to 25**
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V0025**
BA
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-1 to 2**
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V0002**
0-25 00025 0-2 00002
0-50 00050 0-5 00005
0-100 00100 0-7 00007
0-150 00150 0-10 00010
0-200 00200 0-20 00020
0-250 00250 0-35 00035
0-500 00500 0-50 00050
0-1,000 01000 0-100 00100
0-2,500 02500 0-250 00250
0-5,000 05000 0-350 00350
0-7,500 07500 0-500 00500
0-10,000 10000 0-700 00700
Process Connection*
A= 1/4” NPT Male 
B= 1/8” NPT Male 
C= 1/4” BSPP Male 
F= 7/16” - 20 UNF Male 
J= 1/8” NPT Female 
K= SAE4 Female 
P= 1/2” NPT Male 
V= 1/8” BSP Female 
Pressure Unit 
B= Bar K= kg/cm2 P= PSI
Wetted Material
0= 17-4PH           1= 316L          2= Inconel 718 
Outputs 
1= 0.5-4.5V ratiometric
3= 1-5V 
4= 4-20mA (2 wire loop powered)
6= 1-6V                       
A= 10mV/V                                                                  
Electrical
A= 2 ft. (0.6m) 
B= 4 ft. (1.2m) 
C= 6 ft. (1.8m) 
D= 10 ft. (3.0m)   
E= Mini DIN 43650 
F= Packard Metripack 150 3-Pin 
G= 4-pin Molex (no housing) 
I= DIN 43650A 
       
K= Deutsch DT04-3 Pin 
Y= M12x1 Eurofast        
Z= Deutsch DT04-4 Pin 
                                                              
Series Type
AST4000= Industrial Grade 
AST4100= Compact 
AST4200= Panel Mount 
Pressure Range 
Insert 5-digit pressure range code
Options (contact factory for additional options)
000= No Options 
006= Schrader Depressor Pin (only available with process connection “K”)  
143= Schrader Depressor Pin & Sealed Gauge References (only available with process connection “K”) 
AST4000 A 00500 P 4 0 000E
* “B” and “F” not available under 50PSI (“B” not available in 316L)
(for wiring information visit: http://www.astsensors.com/wiring.php)
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HIH-4010/4020/4021 Series 
2 www.honeywell.com/sensing 
TABLE 1. PERFORMANCE SPECIFICATIONS (At 5 Vdc supply and 25 ºC [77 ºF] unless otherwise noted.) 
Parameter Minimum Typical Maximum Unit Specific 
Note 
Interchangeability (first order curve)      
0% RH to 59% RH -5  5 % RH  
60% RH to 100% RH -8  8 % RH  
Accuracy (best fit straight line) -3.5  +3.5 % RH 1 
Hysterisis  3  % RH  
Repeatability  ±0.5  % RH  
Settling time   70 ms  
Response time (1/e in slow moving air)  5  s  
Stability (at 50 %RH in 1 year)  ±1.2  % RH 2 
Stability (at 50 %RH in 1 year)  ±0.5  % RH 3 
Voltage supply 4  5.8 Vdc 4 
Current supply  200 500 µA  
Voltage output (1st order curve fit) VOUT=(VSUPPLY)(0.0062(sensor RH) + 0.16), typical at 25 ºC 
Temperature compensation True RH = (Sensor RH)/(1.0546 – 0.00216T), T in ºC 
Output voltage temp. coefficient at 50% RH, 5 V  -4  mV/ºC  
Operating temperature -40[-40]  See Figure 1. 85[185] ºC[ºF]  
Operating humidity (HIH-4010) 0  See Figure 1. 100 % RH 5 
Operating humidity (HIH-4020) 0  See Figure 1. 100 % RH 5 
Operating humidity (HIH-4021) 0  See Figure 1. 100 % RH  
Storage temperature -50[-58]  125[257] ºC[ºF]  
Storage humidity See Figure 2. % RH 5 
Specific Notes: 
1. For HIH-4010/20/21-003/004 catalog listings only. 
2. Includes testing outside of recommended operating zone. 
3. Includes testing for recommended operating zone only. 
4. Device is calibrated at 5 Vdc and 25 ºC. 
5. Non-condensing environment. When liquid water falls on the 
humidity sensor die, output goes to a low rail condition 
indicating no humidity. 
General Notes: 
• Sensor is ratiometric to supply voltage. 
• Extended exposure to >90% RH causes a reversible 
shift of 3% RH. 
• Sensor is light sensitive. For best performance, shield 
sensor from bright light. 
 
FACTORY CALIBRATION DATA 
HIH-4010/4020/4021 Sensors may be ordered with a 
calibration and data printout. See Table 2 and the order guide 
on the back page. 
 
TABLE 2. EXAMPLE DATA PRINTOUT 
Model HIH-4010-003 
Channel 92 
Wafer 030996M 
MRP 337313 
Calculated values at 5 V 
   VOUT at 0% RH 
   VOUT at 75.3% RH 
 
0.958 V 
3.268 V 
Linear output for 3.5% RH 
accuracy at 25 °C 
   Zero offset 
   Slope 
   Sensor RH 
 
 
0.958 V 
30.680 mV/%RH 
(VOUT - zero offset)/slope (VOUT - 0.958)/0.0307 
Ratiometric response for 
0% RH to 100% RH 
   VOUT 
 
 
VSUPPLY (0.1915 to 0.8130) 
For HIH-4010-001/002/003/004 catalog listings only. 
 
For HIH-4020-001/002/003/004 and HIH-4021-001/002/003/ 
004 catalog listings only. 
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Humidity Sensors 
  Honeywell Sensing and Control 3 
FIGURE 1. OPERATING ENVIRONMENT (Non-condensing environment for HIH-4010 and HIH-4020 catalog listings only.) 
 
 
FIGURE 2. STORAGE ENVIRONMENT (Non-condensing environment for HIH-4010 and HIH-4020 catalog listings only.) 
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HIH-4010/4020/4021 Series 
4 www.honeywell.com/sensing 
FIGURE 3. TYPICAL OUTPUT VOLTAGE VS RELATIVE HUMIDITY (At 25 ºC and 5 V.) 
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FIGURE 4. TYPICAL OUTPUT VOLTAGE (BFSL) VS RELATIVE HUMIDITY (At 0 ºC, 70 ºC and 5 V.) 
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Humidity Sensors 
  Honeywell Sensing and Control 5 
FIGURE 5. HIH-4010 MOUNTING DIMENSIONS (For reference only. mm/[in]) 
 
 
FIGURE 6. HIH-4020 MOUNTING DIMENSIONS (For reference only. mm/[in]) 
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HIH-4010/4020/4021 Series 
6 www.honeywell.com/sensing 
FIGURE 7. HIH-4021 MOUNTING DIMENSIONS (For reference only. mm/[in]) 
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  Honeywell Sensing and Control 7 
FIGURE 8. TYPICAL APPLICATION CIRCUIT 
 
 
ORDER GUIDE 
Catalog 
Listing 
Description 
HIH-4010-001 Integrated circuit humidity sensor, 2,45 mm [0.100 in] lead pitch SIP 
HIH-4010-002 Integrated circuit humidity sensor, 1.27 mm [0.050 in] lead pitch SIP 
HIH-4010-003 Integrated circuit humidity sensor, 2,45 mm [0.100 in] lead pitch SIP, calibration and data printout 
HIH-4010-004 Integrated circuit humidity sensor, 1.27 mm [0.050 in] lead pitch SIP, calibration and data printout 
HIH-4020-001 Covered integrated circuit humidity sensor, 2,45 mm [0.100 in] lead pitch SIP 
HIH-4020-002 Covered integrated circuit humidity sensor, 1.27 mm [0.050 in] lead pitch SIP 
HIH-4020-003 Covered integrated circuit humidity sensor, 2,45 mm [0.100 in] lead pitch SIP, calibration and data printout 
HIH-4020-004 Covered integrated circuit humidity sensor, 1.27 mm [0.050 in] lead pitch SIP, calibration and data printout 
HIH-4021-001 Covered, filtered integrated circuit humidity sensor, 2,45 mm [0.100 in]lead pitch SIP 
HIH-4021-002 Covered, filtered integrated circuit humidity sensor, 1.27 mm [0.050 in] lead pitch SIP 
HIH-4021-003 Covered, filtered integrated circuit humidity sensor, 2,45 mm [0.100 in] lead pitch SIP, calibration and data 
printout 
HIH-4021-004 Covered, filtered integrated circuit humidity sensor, 1.27 mm [0.050 in] lead pitch SIP, calibration and data 
printout 
 
FURTHER HUMIDITY SENSOR INFORMATION 
See the following associated literature at www.honeywell.com/sensing: 
• Product installation instructions 
• Application sheets: 
 Humidity Sensor Performance Characteristics 
 Humidity Sensor Theory and Behavior 
 Humidity Sensor Moisture and Psychrometrics 
 Thermoset Polymer-based Capacitive Sensors 
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WARNING 
MISUSE OF DOCUMENTATION 
• The information presented in this product sheet is for 
reference only. Do not use this document as a product 
installation guide. 
• Complete installation, operation, and maintenance 
information is provided in the instructions supplied with 
each product. 
Failure to comply with these instructions could result 
in death or serious injury. 
 
WARRANTY/REMEDY 
Honeywell warrants goods of its manufacture as being free of 
defective materials and faulty workmanship. Honeywell’s 
standard product warranty applies unless agreed to otherwise 
by Honeywell in writing; please refer to your order 
acknowledgement or consult your local sales office for specific 
warranty details. If warranted goods are returned to Honeywell 
during the period of coverage, Honeywell will repair or replace, 
at its option, without charge those items it finds defective. The 
foregoing is buyer’s sole remedy and is in lieu of all other 
warranties, expressed or implied, including those of 
merchantability and fitness for a particular purpose. In no 
event shall Honeywell be liable for consequential, special, 
or indirect damages. 
While we provide application assistance personally, through 
our literature and the Honeywell web site, it is up to the 
customer to determine the suitability of the product in the 
application. 
Specifications may change without notice. The information we 
supply is believed to be accurate and reliable as of this 
printing. However, we assume no responsibility for its use. 
 
 
 
 
 
 
 
 
WARNING 
PERSONAL INJURY 
DO NOT USE these products as safety or emergency stop 
devices or in any other application where failure of the 
product could result in personal injury. 
Failure to comply with these instructions could result 
in death or serious injury. 
 
SALES AND SERVICE 
Honeywell serves its customers through a worldwide network 
of sales offices, representatives and distributors. For 
application assistance, current specifications, pricing or name 
of the nearest Authorized Distributor, contact your local sales 
office or: 
E-mail: info.sc@honeywell.com 
Internet: www.honeywell.com/sensing 
Phone and Fax: 
Asia Pacific  +65 6355-2828 
  +65 6445-3033 Fax 
Europe  +44 (0) 1698 481481 
  +44 (0) 1698 481676 Fax 
Latin America +1-305-805-8188 
  +1-305-883-8257 Fax 
USA/Canada  +1-800-537-6945 
  +1-815-235-6847 
  +1-815-235-6545 Fax 
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T. DC Motor Power Sizing
Calculations
The DC motor used to actuate the water sampler was chosen based on the follow-
ing assumptions and calculations. As shown in Figure T.1 the motor was meant
to have a cam attached to its shaft. When the shaft rotated, the cam would press
down to trigger the water sampler.
Figure T.1.: Conceptual design of a cam shaft pressing down on the top surface
of the water sampler’s actuation rod
Assumptions
Measured force required to push down the rod of the water sampler: 1 lb.
Moment arm (distance of applied force from center of rotation at the motor’s
axis): 1 in.
Coefficient of friction between the plastic edge of the cam and the plastic surface
of the rod: 0.351
1“Co-efficient of Friction of Plastics.” Dotmar Engineering Plastic Products. Web. 20 May 14.
<http://www.dotmar.com.au/co-efficient-of-friction.html>
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Calculations
Motor Choice
Based on the need for 18.6 oz-in of torque, the motor chosen was the Pittman
9137C576-R1 because it is cheap and it is rated to 26 oz-in which is more than
enough for this application. Due to space and time constraints, instead of a cam,
a string is attached to this motor to pull instead of push the water sampler’s rod
down. Ideally, future prototype iterations will implement the cam design because
it is a more elegant and sturdy design compared to simply wrapping a string
around the shaft of the motor, which could easily snap the string if the motor
rotated too far for too long.
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U. Prototype Power Budget
Figure U.1.: Power budget for prototype sensor package
Choosing a Battery
Based on the power budget in Figure U.1, the limiting voltage is the voltage
for the camera, light, and pressure sensor which must each be above 10V. Adding
in a slight buffer to allow the batter to discharge and still be acceptable, it was
decided to use a 12V battery. Based on the power budget the total amount of
current this sensor package will use is 3.00A. In order to have the battery last for
a good half hour of testing, it was decided to use a 2000mAh battery.
Since many tests will be run draining the battery and since the pressure bottle
is extremely small, it was decided to use a quick-charge rechargeable 12V NiMh
battery pack with bare leads from Tenergy. This battery back is composed of
10 AA batteries and as such has a conveniently small form factor that easily fits
into the pressure bottle. Another benefit of this battery back is that it can be
recharged in a matter of minutes (depending on how drained it is), so that tests
can be run in quick succession. The bare leads of the battery pack allow for
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easy integration into the prototype because it can be plugged straight into the
bread board. Overall, the perfect battery was chosen based on voltage, current
capacity, size, charge time, and ease of implementation.
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V. Test Procedures
V.1. Setup and Operation Procedure
1. Load the code onto the slave
2. Hook up the monitor to power
3. Hook up the camera and video cord from the control box to the monitor
4. Hook up the small computer to the control box
5. Perform check on the control box to make sure that each of the switches
are passing the right signals
6. Zip tie loose wires
7. Check voltage of battery to make sure it is charged fully, should be 12V or
above.
8. Make sure all wires in the bottle are plugged in and tight
9. Plug in power to slave - battery
10. Close the bottle (visually check for proper seal)
11. Put silicon grease on to the 12 pin connector
12. Connect bottle to tether, connect locking sleeves
13. Check again that there is accurate communication between control box
switches and actual sensors
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V.1 Setup and Operation Procedure Test Procedures
14. Check to make sure all hose clamps are tightened
15. Check to make sure camera and light are secure and the mount screws are
tight
16. Make sure all locking sleeves are tight
17. Hook the camera to the monitor
18. Provide power to master
19. Turn on and off each sensor to make sure they work
20. Make sure rope is secure
21. Set water sampler
22. Start the GUI software
23. Lower the sensor package
24. Raise the sensor package
25. Dry off the sensor package
26. Take off the duct tape
27. Remove bottom lid
28. Grab a piece of tape and put in on the long red power wire connected in the
nearest hole of the + strip on right side. Grab the red wire with tweesers
and make sure it does not touch anything else.
29. See is pressure wires are not loose.
30. Put pressure sensor back in by rotating it towards the edge.
31. Run steps 4-14 as many times as desired for data collection
32. To restart, open it up, make sure pressure is pluged in, and plug in the
power carefully
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V.2 Tests to Run/Check/Quantify Test Procedures
33. The pressure sensor wires go: the red wire goes into the 5V power strip on
the left in first hole, the black wire goes into the second row on left side
where the closer resistor is plugged into
V.2. Tests to Run/Check/Quantify
1. Dock test:
a) Do the following sensors turn on and off via the LCD screen:
i. Temperature? YES NO
ii. Pressure? YES NO
iii. Humidity? YES NO
iv. Camera? YES NO
v. Light? YES NO
b) Does the following sensor turn on through the controls box:
i. Water sampler? YES NO
2. What is the approximate angle of tilt for the sensor package with respect
to the horizon when it is in. . .
a) Air- 90 degrees (perfectly vertical)
b) Water – 90 degrees (perfectly vertical)
3. Camera:
a) Can we see the water sampler? YES NO
b) Can we see the sides of the borehole? YES NO
c) Can we see down beyond the water sampler? YES NO
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4. Camera display:
a) Does the quality stay the same with depth? YES NO
5. Lights:
a) Is sufficient light being emitted to see the water sampler, borehole, and
ground? YES NO
b) Is the position of the light creating obtrusive shadows? YES NO
6. What is the speed of communication?
7. Pressure Readings:
a) Are the readings consistent each time? YES NO
b) What is the range of readings at the same depth?
c) What is the standard deviation of the readings?
d) What is the percent error between the average reading and the ex-
pected pressure at the same depth?
8. Temperature Readings:
a) Are the readings consistent? YES NO
b) What is the range of readings at the same depth?
c) What is the standard deviation of the readings?
d) What is the percent error between the average reading and the ex-
pected temperature at the same depth?
e) Does the temperature appear to change over time? YES NO
f) Is the temperature changing after being in the water for a long time?
YES NO
9. Water sampler:
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a) Does the motor work? YES NO
b) Out of ten tries, how many times does the water sampler successfully
close?
c) Does the water sampler close completely? YES NO
d) Were we able to collect water samples? YES NO
10. Humidity sensor: a.
a) Did it ever had false readings (say it was humid when no water was in
the bottle?) YES NO
11. GUI Display:
a) Do the readings remain constant when sensor are held at the same
depth? YES NO
b) Is the data easy to read? YES NO
c) Do any issues arise? YES NO
12. Does everything last a full hour of testing? YES NO
a) How long does it last on average?
13. Did any of the connectors become undone during testing? YES NO
14. Did the bottle leak? YES NO
a) If yes:
i. Did the humidity sensor predict it? YES NO
ii. How many times?
iii. Why did it leak?
iv. What improvements can be made?
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15. Does the water sample close when we want it to? YES NO
16. Is the sensor package useable at all testable depths? YES NO
17. How fast was the sensor package lowered into the water?
a) Was this slow enough to collect data? YES NO
18. Does the sensor package fit in a 10.75’’ borehole? YES NO
19. Can the sensor package be used multiple times? YES NO
20. Did the sensors have enough power? YES NO
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W. Raw and Formatted Test
Results
Figure W.1.: Raw and formatted test results
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X. Team Member Responsibilities
1. Maza Brady (student lead, Mechanical Engineer)
a) Design meeting agenda
b) Stay updated on sensor packet decisions
c) Communicate with Dr. Kirkwood, Dr. Wheat, Dr. Kitts, and Thomas
Adamek
d) Check-in with team members
e) Power analysis
2. Luke Cashman (Mechanical Engineer)
a) Keep up-to-date on literature review
b) Update structural drawings
c) Keep track of Mechanical Engineering deadlines
d) CAD drawings
3. Erin Hicks (Mechanical Engineer)
a) Update Trac website
b) Power analysis
c) Data Turbine/sensors
d) Caliper design
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4. Meghan Richey (Computer Engineer)
a) GUI interface
b) Communicate with current sensors
c) Animate voyage
d) Keep track of Computer Engineering deadlines
e) Documentation/ Senior Design deadlines
f) Website updates
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Y. Budget
Figure Y.1.: Budget of Legacy Borehole Project
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Z. Year One Project Timeline
Figure Z.1.: Gantt Chart key
Figure Z.2.: Gantt Chart Fall Quarter
Figure Z.3.: Gantt Chart Winter Quarter
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Year One Project Timeline Year One Project Timeline
Figure Z.4.: Gantt Chart Spring Quarter
174
AA. Risk Analysis
Figure AA.1.: Risk Analysis
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BB. Ethics Code of Conduct
Figure BB.1.: Code of Ethics Flowchart
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CC. Ethics Risks
Figure CC.1.: Inherent safety risks and concerns
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DD. Applicable Patents and
Business Plan
D.1. Introduction
If we were to turn our project into a business, we would sell a service not a prod-
uct. Our prototype sensor package is not useful for real marine research because
of its shallow depth rating and the limited number of sensors implemented. Nev-
ertheless, the simplistic design and operation of our prototype sensor package
make it perfect for elementary school science seminars. We will use our sensor
package as an interactive demo to teach children about the ocean in a three hour
field trip. Since the sensor package is already designed and built, we would re-
duce the personnel to one manager and one on-hand engineer for operating and
maintaining the sensor package; we would also contract a marine scientist to lead
the seminars. We would market these seminars to elementary schools through-
out the San Francisco Bay Area. We believe we would thrive in the market of
science education for kids because most of the current market leaders - such as,
the Youth Science Foundation, Walden West, and Camp Galileo - are restricted
to a classroom, a summer camp, or a forest environment. Our unique, interactive
marine science field trip services will stand out in the field of science education
and inspire the next generation of marine scientists.
DD.2. Goals and Objectives
The primary goal of this business is to spread scientific knowledge and inspire
children to be more passionate about science and the environment. In the short
term, we aim to have this impact only in the San Francisco Bay Area. However,
in the long term it is our objective to spread the business across all of California.
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DD.3. Product Description
We will use our sensor package as an interactive demo to teach children about
the ocean. These science seminars for elementary school children will be a two
hour lesson conducted by a contracted marine scientist at a local body of water.
During the seminar the children will be asked to work as a group to help hold the
tether and lower the sensor package. They will take turns operating the sensors
and reading the data. This group work will help strengthen young children’s
teamwork and social interaction skills. Moreover, the marine scientist will teach
the children about sea life and the ocean, touching on important topics such
as endangered animals and ocean pollution. These exciting, interactive lessons
outside of the classroom will inspire children to become more passionate about
science and the environment.
DD.4. Potential Markets
The potential markets for our system are elementary schools in this area. The
location chosen for implementation is here in the San Francisco Bay Area because
it is near to Santa Clara University and close to bodies of water where the system
will be implemented. The schools where we wish to implement our system include
schools districts in the Santa Clara, Alameda, Contra Costa, Santa Cruz, and San
Francisco Counties. Each County’s individual number of elementary schools can
be seen in Figure D.1. In total, these five school districts have 1,226 public and
private elementary schools1.
Figure DD.1.: Number of elementary schools per location
1California Department of Education. Web. 27 May 2014. <http://www.cde.ca.gov>.
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These 1,226 elementary schools would be our primary targets for marketing pur-
poses. Most elementary schools bring in outside speakers or other forms of edu-
cational entertainment to peak students’ interest and give student a better un-
derstanding of how what they are learning can affect the real world. Along these
lines, our product shows students that science can give us a better understanding
of our oceans and can help preserve the environment.
In terms of growth, our product could eventually create new offices in other loca-
tions. If we expanded throughout California, we could tap the 8,709 elementary
schools who would be interested in our services. Nationwide, there are 67,086
public elementary schools that would benefit from the inspiration our project
could give students to encourage them to pursue a scientific field2.
DD.5. Competition
The current market leaders in the area of science education for kids in the San
Francisco Bay Area are: the Youth Science Foundation, Walden West, and Camp
Galileo. Figure DD.2 summarizes the services and pricing for each of these orga-
nizations. 3
Figure DD.2.: Competitors’ services and pricing
2"Fast Facts." National Center for Education Statistics. Web. 27 May 2014.
<http://nces.ed.gov/fastfacts/display.asp?id=84>.
3Galileo Innovation Camps for Kids. Web. 27 May 2014. <http://www.galileo-
camps.com/camp-galileo/location/los-altos>, “Science and Sustainabil-
ity Center Programs.” Walden West. Web. 27 May 2014.
<http://www.waldenwest.org/school_programs/sustainability_program.asp>,
“Summer Science Camps.” Youth Science Institute. Web. 27 May 2014.
<https://campscui.active.com/orgs/YouthScienceInstitute#/selectSessions/419104>
.
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The main advantage of our business over the competition is that we are unique
in that we specialize in marine science and provide on-site lessons where students
interact with nature. Camp Galileo teaches students about science on school
campuses, which is inferior in that it does not provide an authentic opportunity
to interact with nature. Walden West gives students the opportunity to interact
with nature, but does so in a forest not an ocean environment. Camp Galileo
and the Youth Science Foundation are both inferior because their services are
offered primarily as summer camps only when school is out. Therefore, they will
not conflict too much with our business, since we aim to provide field trips for
students during the school year. Overall, we see our marine science field trips as
a unique addition to the other science education programs out there.
DD.6. Marketing Strategies
We plan to advertise our program to schools throughout the San Francisco Bay
Area. To do this we will create a website and attend school district meetings
to pitch our program. Since this is a very small startup company, we would not
have the funds to hire someone solely for advertising. However, we would keep a
full-time manager on payroll to deal with all logistics, paperwork, and company
promotion.
DD.7. Manufacturing Plans
This business plan requires little manufacturing work. For the six months when
this science seminar program is just getting started the single sensor package that
was already built this year will be sufficient. Using this pre-built sensor package
will allow the business to get started right away with no immediate manufacturing
cost. Once we get our name out there and demand increases for our services, we
will add another four sensor packages to allow for five different seminars to be
held for various school groups at the same time. Due to this small inventory,
manufacturing will stay in-house. The small inventory will also allow for the
design to be easily altered and improved upon on an ongoing basis. The current
design uses primarily off the shelf parts, and we envision all future versions built
to continue to do so. Using off the shelf parts keeps the cost of manufacturing low
and allows for easy and rapid replacement of any parts that fail, which is likely
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to occur often considering we will be allowing young children to help operate the
sensor package. Although the initial prototype took several weeks to assemble,
now that the design is finalized we believe that future versions of the sensor
package can be assembled within a matter of days.
DD.8. Product Cost and Price Analysis
The material cost of building a single sensor package is $1,370, as outline in Table
3. Taking into account the cost of labor and rent, the total cost of running the
business will be approximately $360,000 per year as is specified in the cash flow
tables in Section DD.10. In order to provide a reasonable return on investment
within three years and in order to be competitive, we have decided to price the
seminars at fixed price of $250 per seminar. This price is cheaper than most
of our competitors’ prices which range from $250 to $300 as shown in Figure
DD.2. Overall, we believe a price of $250 per seminar is high enough to keep our
investors satisfied and low enough to keep our customers satisfied.
Figure DD.3.: Cost of each subsystem of product and total product cost
DD.9. Warranties
We will not have any product warranty policies because we are selling a service
not a product. Although we will have no product warranties to worry about,
we will have liability issues since we are working with children. Therefore, we
will have participant forms that will waive our liability in case of any accident
or injury during the lesson. In addition to liability waivers, we will also have a
strict no-refunds cancellation policy.
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When parts do break, the sensor package will be fixed in house because it is built
in house and we are essentially our own customers for the use of our product.
Since we will be allowing young children to operate the sensor package, we expect
components to break on a monthly basis and have budgeted $200 per month for
minor fixes and part replacements.
DD.10. Financial Plan
For the first six months, we plan to use the sensor package that was already built
this year. Therefore, the only funds needed are to pay for the overhead to rent
an office, the material cost of any broken parts, and the salaries of the manager,
engineer, and marine scientist. We don’t expect any incoming funds for the first
three months of business because over the summer school is not in session and we
are using those months to refine our design and get our name out there. For the
following three months, we expect business to be slow but gradually increasing
as we reach out to more schools. This cash flow is shown in Figure DD.4.
Figure DD.4.: Cash flow for the first six months of the business
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Once business picks up after six months, we plan to add two more sensor packages
to allow us to hold as many as three seminars at once. These additional sensor
packages will require us to hire more engineers and marine scientists. We expect
our incoming funds to pick up dramatically over time as we continue to reach out
to more a schools and hold more seminars. Figure DD.5 summarizes the expected
cash flow for the second six months of business.
Figure DD.5.: Cash flow for the second six months of the business
The cash flow for the entire first year, as shown in Figures DD.4 and DD.5, is
negative as the company is just starting up. Not until the second year does the
cash flow turn positive. Figure DD.6 shows the anticipated cash flow for the first
five years of business.
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Figure DD.6.: Cash flow for the first five years of the business
Based on the cash flow shown in Figure DD.6 (which assumes a discount rate of
2% per year), the business will provide an 18% return on investment after three
years and a 39% return on investment after five years. Therefore, we believe the
initial investment is well worth the money and it will be easy to convince investors
or a bank to loan us this money since it has such a large return on investment
within a reasonable amount of time.
If our business struggles and income does not increase as our cash flow tables
predict, our contingency plan is to try to contract ourselves to pre-existing youth
science programs. That way, our hiring agency will be doing all of the advertising
and providing us with customers. That being said, we do not foresee this contin-
gency plan being necessary because of our many advantages over our competitors
as previously mentioned.
DD.11. Conclusion
The sensor package built as the prototype for the Legacy Borehole Project this
year would make the perfect hands on demo for youth science lessons. We believe
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that a profitable business can be made by using the sensor package as a the central
focus of a three hour field trip for elementary children to visit a local body of
water and learn about the ocean. This service would stand out in the market
of youth science education because it provides on-site, marine focused lessons
for the comparatively cheap price of $250 per field trip. Our cost and income
estimates indicate that this business could provide an 18% return on investment
within three years. By investing in this company, investors will make money
while also helping to inspire children to be more passionate about science and the
environment.
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/∗
∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗
Author : Meghan Richey
Date : Apr i l 27 , 2014
Based on work by Chase T r a f f i c a n t i and Mike Vlahos . This
i s the so f tware to i n t e r f a c e wi th Legacy Borehole f o r
arduino to arduino communication
∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗
∗/
#include " RSLpacket . h "
#include <So f twa r eS e r i a l . h>
#include <Liqu idCrys ta l . h>
// Define Constants
// Sof tware S e r i a l RX
#define SSerialRX 10
// Sof tware S e r i a l TX
#define SSerialTX 11
// Name so f tware s e r i a l por t RS485Serial
So f twa r eS e r i a l RS485Ser ia l ( SSerialRX , SSerialTX ) ;
// Length o f the outgo ing message
const int l ength = 12 ;
L iqu idCrys ta l l cd (12 , 13 , 5 , 4 , 3 , 2) ;
int Camera_On = 0 ;
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int Light_On = 0 ;
int Temperature_On = 0 ;
int Pressure_On = 0 ;
int Humidity_On = 0 ;
int WaterSampler_On = 0 ;
// s e t up ROV s e r i a l adress and comm por t
/∗
a : 97
b : 98
c : 99
d : 100
∗/
// t h i s arduino i s adress ’ z ’ or 7A in HEX
RSLpacket rslHw ( RS485Serial , 122) ;
//Sending 1 by t e r e l a y command , r e c e i v i n g temp , pressure ,
and humidi ty data
char r e l a y [ 8 ] ;
char prev ious_re lay [ 8 ] ;
int temp , pres sure , humidity ;
int k , y ;
char commands [ 1 0 ] ;
char array [ 2 0 ] ;
int ser InLen = 25 ;
char s e r I nS t r i n g [ 2 5 ] ;
int pId =0;
int changed = 0 ;
void setup ( )
{
S e r i a l . begin (9600) ;
RS485Ser ia l . begin (9600) ;
// I n i t i a l i z e the LCD screen
l cd . begin (16 , 2) ;
// Disp lay the data l a b e l s
labelLCD ( ) ;
pinMode (22 ,INPUT) ;
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pinMode (26 ,INPUT) ;
pinMode (30 ,INPUT) ;
pinMode (35 ,INPUT) ;
pinMode (38 ,INPUT) ;
pinMode (42 ,INPUT) ;
pinMode (46 ,INPUT) ;
pinMode (50 ,INPUT) ;
d i g i t a lWr i t e (22 , LOW) ;
d i g i t a lWr i t e (26 , LOW) ;
d i g i t a lWr i t e (30 , LOW) ;
d i g i t a lWr i t e (35 , LOW) ;
d i g i t a lWr i t e (38 , LOW) ;
d i g i t a lWr i t e (42 , LOW) ;
d i g i t a lWr i t e (46 , LOW) ;
d i g i t a lWr i t e (50 , LOW) ;
// s t a r t EXCEL
S e r i a l . p r i n t l n ( "#S |SPXL| [ ]# " ) ;
// wai t 5 seconds (max) f o r answer from Gobetwino (=
proces s ID)
r e a dS e r i a l S t r i n g ( s e r InS t r i ng , 5000) ;
// conver t r e s u l t to i n t e g e r
pId= a to i ( s e r I nS t r i n g ) ;
}
void loop ( )
{
de lay (10) ;
// read p ins f o r r e l a y board
int r e l ay1 r ead ing = d ig i ta lRead (22) ;
int r e l ay2 r ead ing = d ig i ta lRead (26) ;
int r e l ay3 r ead ing = d ig i ta lRead (30) ;
int r e l ay4 r ead ing = d ig i ta lRead (35) ;
int r e l ay5 r ead ing = d ig i ta lRead (38) ;
int r e l ay6 r ead ing = d ig i ta lRead (42) ;
int r e l ay7 r ead ing = d ig i ta lRead (46) ;
int r e l ay8 r ead ing = d ig i ta lRead (50) ;
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i f ( r e l ay1 r ead ing == HIGH){
i f ( prev ious_re lay [ 0 ] == ’ a ’ and changed == 0){
r e l a y [ 0 ] = 98 ;
Camera_On = 1 ;
changed = 1 ;
}
}
else {
r e l a y [ 0 ] = 97 ;
Camera_On = 0 ;
}
i f ( r e l ay2 r ead ing == HIGH){
i f ( prev ious_re lay [ 1 ] == ’ a ’ and changed == 0){
r e l a y [ 1 ] = 98 ;
Light_On = 1 ;
changed = 1 ;
}
}
else {
r e l a y [ 1 ] = 97 ;
Light_On = 0 ;
}
i f ( r e l ay3 r ead ing == HIGH){
i f ( prev ious_re lay [ 2 ] == ’ a ’ and changed == 0){
r e l a y [ 2 ] = 98 ;
Temperature_On = 1 ;
changed = 1 ;
}
}
else {
r e l a y [ 2 ] = 97 ;
Temperature_On = 0 ;
}
i f ( r e l ay4 r ead ing == HIGH){
i f ( prev ious_re lay [ 3 ] == ’ a ’ and changed == 0){
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r e l a y [ 3 ] = 98 ;
Pressure_On = 1 ;
changed = 1 ;
}
}
else {
r e l a y [ 3 ] = 97 ;
Pressure_On = 0 ;
}
i f ( r e l ay5 r ead ing == HIGH){
i f ( prev ious_re lay [ 4 ] == ’ a ’ and changed == 0){
r e l a y [ 4 ] = 98 ;
Humidity_On = 1 ;
changed = 1 ;
}
}
else {
r e l a y [ 4 ] = 97 ;
Humidity_On = 0 ;
}
i f ( r e l ay6 r ead ing == HIGH){
i f ( prev ious_re lay [ 5 ] == ’ a ’ and changed == 0){
r e l a y [ 5 ] = 98 ;
WaterSampler_On = 1 ;
changed = 1 ;
}
}
else {
r e l a y [ 5 ] = 97 ;
WaterSampler_On = 0 ;
}
i f ( r e l ay7 r ead ing == HIGH){
i f ( prev ious_re lay [ 6 ] == ’ a ’ and changed == 0){
r e l a y [ 6 ] = 98 ;
changed = 1 ;
}
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}
else {
r e l a y [ 6 ] = 97 ;
}
i f ( r e l ay8 r ead ing == HIGH){
i f ( prev ious_re lay [ 7 ] == ’ a ’ and changed == 0){
r e l a y [ 7 ] = 98 ;
//Camera_On = 1;
changed = 1 ;
}
}
else {
r e l a y [ 7 ] = 97 ;
}
for ( int i =0; i < 8 ; i++){
commands [ i ] = r e l ay [ i ] ;
p rev ious_re lay [ i ] = r e l ay [ i ] ;
changed = 0 ;
}
// send commands message to ROV adress " a " . commands has
a l en g t h o f 4 b y t e s
S e r i a l . p r i n t l n (commands) ;
rslHw . sendMessage (0 x61 , commands , 8 ) ;
de lay (1000) ;
i f ( rslHw . a v a i l a b l e ( )>0 )
{
// ge t data from ROV
//rslHw . getMessage reads data on a so f tware s e r i a l
por t and saves i t to an o b j e c t c a l l e d message
rslHw . getMessage ( ) ;
// Read u n t i l l we are out o f b y t e s or g e t a proper
message .
while ( ( rslHw . ReadFail !=0) && ( rslHw . a v a i l a b l e ( ) ) )
{rslHw . getMessage ( ) ; }
//ONLY send data i f a proper message was r e c i e v ed
i f ( rslHw . ReadFail==0)
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{
char bu f f e r [ 4 ] ;
b u f f e r [ 0 ] = rslHw . message [ 0 ] ;
b u f f e r [ 1 ] = rslHw . message [ 1 ] ;
b u f f e r [ 2 ] = rslHw . message [ 2 ] ;
temp = ato i ( bu f f e r ) ;
bu f f e r [ 0 ] = rslHw . message [ 3 ] ;
b u f f e r [ 1 ] = rslHw . message [ 4 ] ;
b u f f e r [ 2 ] = rslHw . message [ 5 ] ;
p r e s su r e = a t o i ( bu f f e r ) ;
bu f f e r [ 0 ] = rslHw . message [ 6 ] ;
b u f f e r [ 1 ] = rslHw . message [ 7 ] ;
b u f f e r [ 2 ] = rslHw . message [ 8 ] ;
humidity = a t o i ( bu f f e r ) ;
// send commands to gobetwino
sendPotValues ( ) ;
//Update LCD screen
updateLCD ( ) ;
}
}
}
void sendPotValues ( )
{
char bu f f e r [ 5 ] ;
//Send the va l u e s as though i t was typed in t o Exce l l ,
us ing the SENDK command
// This i s the t o t a l l i n e t ha t i s send : #S ,SENDK, [ pId ;
potValue1 {TAB} potValue2 {DOWN} {LEFT} ]#
S e r i a l . p r i n t ( "#S |SENDK| [ " ) ;
S e r i a l . p r i n t ( i t o a ( ( pId ) , bu f f e r , 10) ) ;
S e r i a l . p r i n t ( "&" ) ;
S e r i a l . p r i n t ( i t o a ( ( temp) , bu f f e r , 10) ) ;
S e r i a l . p r i n t ( " ␣{TAB}␣ " ) ;
S e r i a l . p r i n t ( i t o a ( ( p r e s su r e ) , bu f f e r , 10) ) ;
S e r i a l . p r i n t ( " ␣{TAB}␣ " ) ;
S e r i a l . p r i n t ( i t o a ( ( humidity ) , bu f f e r , 10) ) ;
S e r i a l . p r i n t ( " ␣{DOWN}␣ " ) ;
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S e r i a l . p r i n t ( " ␣{LEFT}␣ " ) ;
S e r i a l . p r i n t ( " ␣{LEFT}␣ " ) ;
S e r i a l . p r i n t l n ( " ]# " ) ;
// wai t up to 1000 ms f o r answer from Gobetwino ,
answer w i l l be in se r InS t r ing , answer i s 0 i f a l l
i s OK
r e a dS e r i a l S t r i n g ( s e r InS t r i ng , 1000) ;
}
void r e a dS e r i a l S t r i n g (char ∗ strArray , long timeOut )
{
long startTime=m i l l i s ( ) ;
int i ;
while ( ! S e r i a l . a v a i l a b l e ( ) ) {
i f ( m i l l i s ( )−startTime >= timeOut ) {
return ;
}
}
while ( S e r i a l . a v a i l a b l e ( ) && i < serInLen ) {
strArray [ i ] = S e r i a l . read ( ) ;
i++;
}
}
//Function t ha t d i s p l a y s the l a b e l s f o r temperature , duty
cyc l e , and s e t po in t on the LCD screen
void labelLCD ( ) {
l cd . se tCursor (1 , 0 ) ;
l cd . p r i n t ( "C: " ) ;
l cd . se tCursor (1 , 1 ) ;
l cd . p r i n t ( "L : " ) ;
l cd . se tCursor (6 , 0 ) ;
l cd . p r i n t ( "T: " ) ;
l cd . se tCursor (6 , 1 ) ;
l cd . p r i n t ( "P: " ) ;
l cd . se tCursor (11 ,0 ) ;
l cd . p r i n t ( "H: " ) ;
l cd . se tCursor (11 ,1 ) ;
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l cd . p r i n t ( "W: " ) ;
}
//Function t ha t d i s p l a y s the data f o r s e t po in t and
temperature on the LCD screen
void updateLCD ( ) {
l cd . se tCursor (3 , 0 ) ;
pr intValue (Camera_On) ;
l cd . se tCursor (3 , 1 ) ;
pr intValue (Light_On) ;
l cd . se tCursor (8 , 0 ) ;
pr intValue (Temperature_On) ;
l cd . se tCursor (8 , 1 ) ;
pr intValue ( Pressure_On ) ;
l cd . se tCursor (13 ,0 ) ;
pr intValue (Humidity_On) ;
l cd . se tCursor (13 ,1 ) ;
pr intValue (WaterSampler_On) ;
}
//Function t ha t w r i t e s a "+" to the LCD screen i f a
p a r t i c u l a r sensor i s on and "−" i f i t i s o f f
void pr intValue ( int n) {
i f (n) {
l cd . p r i n t ( "+" ) ;
}
else {
l cd . p r i n t ( "−" ) ;
}
}
/∗
∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗
Author : Meghan Richey
Date : Apr i l 27 , 2014
Based on work by Chase T r a f f i c a n t i and Mike Vlahos . This
i s the so f tware to i n t e r f a c e wi th the Legacy Borehole
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Pro jec t .
∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗
∗/
#include <Wire . h>
#include " RSLpacket . h "
#include <So f twa r eS e r i a l . h>
// Define Constants
// Sof tware S e r i a l RX
#define SSerialRX 2
// Sof tware S e r i a l TX
#define SSerialTX 3
// Def ines address o f CMPS10
#define ADDRESS 0x60
#define temp_sensor 1
#define pres_sensor 2
#define RH_sensor 3
#define r e l ay1 5
#define r e l ay2 6
#define r e l ay3 7
#define r e l ay4 8
#define r e l ay5 9
#define r e l ay6 10
#define r e l ay7 11
#define r e l ay8 12
#define motor 13
// Name so f tware s e r i a l por t RS485Serial
So f twa r eS e r i a l RS485Ser ia l ( SSerialRX , SSerialTX ) ;
// Length o f the outgo ing message
const int l ength = 12 ;
// s e t up ROV s e r i a l adress and comm por t
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/∗
a : 97
b : 98
c : 99
d : 100
∗/
// t h i s arduino i s adress ’ a ’ or 61 in HEX
RSLpacket rslHw ( RS485Serial , 97) ;
//Declare g l o b a l v a r i a b l e s
char temperature [ 8 ] ;
char pre s su r e [ 8 ] ;
char humidity [ 8 ] ;
char temp1 [ 8 ] ;
char pres1 [ 8 ] ;
char hum1 [ 8 ] ;
char messenger [ 2 4 ] ;
char prev ious_re lay [ 8 ] ;
// f l a g to i n d i c a t e whether motor has ac tua ted
int actuated = 0 ;
void setup ( )
{
// Conects I2C
Wire . begin ( ) ;
S e r i a l . begin (9600) ;
pinMode ( re lay1 ,OUTPUT) ;
pinMode ( re lay2 ,OUTPUT) ;
pinMode ( re lay3 ,OUTPUT) ;
pinMode ( re lay4 ,OUTPUT) ;
pinMode ( re lay5 ,OUTPUT) ;
pinMode ( re lay6 ,OUTPUT) ;
pinMode ( re lay7 ,OUTPUT) ;
pinMode ( re lay8 ,OUTPUT) ;
RS485Ser ia l . begin (9600) ;
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d i g i t a lWr i t e ( re lay1 , HIGH) ;
d i g i t a lWr i t e ( re lay2 , HIGH) ;
d i g i t a lWr i t e ( re lay3 , HIGH) ;
d i g i t a lWr i t e ( re lay4 , HIGH) ;
d i g i t a lWr i t e ( re lay5 , HIGH) ;
d i g i t a lWr i t e ( re lay6 , HIGH) ;
d i g i t a lWr i t e ( re lay7 , HIGH) ;
d i g i t a lWr i t e ( re lay8 , HIGH) ;
for ( int i =0; i < 8 ; i++)
prev ious_re lay [ i ] = ’ a ’ ;
de lay (2000) ;
}
void loop ( )
{
de lay (100) ;
// check i f t h e r e are b y t e s to read , i f so s t a r t read loop
.
i f ( rslHw . a v a i l a b l e ( )>0 )
{
// ge t command from s imu l ink
// rslHw . getMessage reads data on a hardware s e r i a l por t
and saves i t to an o b j e c t c a l l e d message
rslHw . getMessage ( ) ;
//Read u n t i l we are out o f b y t e s or g e t a proper message
.
while ( ( rslHw . ReadFail !=0) && ( rslHw . a v a i l a b l e ( ) ) ) {
rslHw . getMessage ( ) ; }
rslHw . f l u s h ( ) ;
//ONLY send data i f a proper message was r e c i e v ed
i f ( rslHw . ReadFail==0)
{
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// s e t p ins to h igh or low
r e l aySe t ( ) ;
// ge t temperature data
WaterTemp( ) ;
int tempLen=8;
GetPressure ( ) ;
int presLen=8;
GetRH( ) ;
int humLen=8;
//combine the 2 s t r i n g s and add a comma
i f ( a t o i ( temperature ) < 100)
s p r i n t f ( temp1 , "%s%s " , " 0 " , temperature ) ;
else
s p r i n t f ( temp1 , "%s " , temperature ) ;
i f ( a t o i ( p r e s su r e ) < 100)
s p r i n t f ( pres1 , "%s%s " , " 0 " , p r e s su r e ) ;
else
s p r i n t f ( pres1 , "%s " , p r e s su r e ) ;
i f ( a t o i ( humidity ) < 100)
s p r i n t f (hum1 , "%s%s " , " 0 " , humidity ) ;
else
s p r i n t f (hum1 , "%s " , humidity ) ;
s p r i n t f ( messenger , "%s%s%s " , temp1 , pres1 , hum1) ;
rslHw . sendMessage (0x7A , messenger , tempLen+presLen+
humLen) ;
}
}
}
void WaterTemp( ) {
int value = analogRead ( temp_sensor ) ;
S t r ing s t r = St r ing ( va lue ) ;
s t r . toCharArray ( temperature , 8 ) ;
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}
void GetPressure ( ) {
int pr e sva l = analogRead ( pres_sensor ) ;
S t r ing s t r = St r ing ( p r e sva l ) ;
s t r . toCharArray ( pres sure , 8 ) ;
}
void GetRH( ) {
int humidityval = analogRead (RH_sensor ) ;
S t r ing s t r = St r ing ( humidityval ) ;
s t r . toCharArray ( humidity , 8 ) ;
}
//Act ive low r e l a y board
void r e l aySe t ( ) {
//Camera
i f ( rslHw . message [ 0 ] == 97)
d i g i t a lWr i t e ( re lay1 , HIGH) ;
else
d i g i t a lWr i t e ( re lay1 , LOW) ;
int i = d ig i t a lRead ( r e l ay1 ) ;
// Ligh t
i f ( rslHw . message [ 1 ] == 97)
d i g i t a lWr i t e ( re lay2 , HIGH) ;
else
d i g i t a lWr i t e ( re lay2 , LOW) ;
//Temperature
i f ( rslHw . message [ 2 ] == 97)
d i g i t a lWr i t e ( re lay3 , HIGH) ;
else
d i g i t a lWr i t e ( re lay3 , LOW) ;
//Pressure
i f ( rslHw . message [ 3 ] == 97)
d i g i t a lWr i t e ( re lay4 , HIGH) ;
else
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d i g i t a lWr i t e ( re lay4 , LOW) ;
//Humidity
i f ( rslHw . message [ 4 ] == 97)
d i g i t a lWr i t e ( re lay5 , HIGH) ;
else
d i g i t a lWr i t e ( re lay5 , LOW) ;
//Motor
i f ( rslHw . message [ 5 ] == 97)
d i g i t a lWr i t e ( re lay6 , HIGH) ;
else {
i f ( actuated == 0){
motorActuate ( ) ;
}
else
d i g i t a lWr i t e ( re lay6 , HIGH) ;
}
//Spare
i f ( rslHw . message [ 6 ] == 97)
d i g i t a lWr i t e ( re lay7 , HIGH) ;
else
d i g i t a lWr i t e ( re lay7 , LOW) ;
//Spare
i f ( rslHw . message [ 7 ] == 97)
d i g i t a lWr i t e ( re lay8 , HIGH) ;
else
d i g i t a lWr i t e ( re lay8 , LOW) ;
}
void motorActuate ( ) {
d i g i t a lWr i t e ( re lay6 , LOW) ;
de lay (500) ;
d i g i t a lWr i t e ( re lay6 , HIGH) ;
actuated = 1 ;
}
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function varargout = Test_GUI( vararg in )
% TEST_GUI MATLAB code f o r Test_GUI . f i g
% TEST_GUI, by i t s e l f , c r e a t e s a new TEST_GUI or
r a i s e s the e x i s t i n g
% s i n g l e t o n ∗ .100 674 361
%
% H = TEST_GUI re turns the handle to a new TEST_GUI
or the handle to
% the e x i s t i n g s i n g l e t o n ∗ .
%
% TEST_GUI( ’CALLBACK’ , hObject , eventData , handles , . . . )
c a l l s the l o c a l
% func t i on named CALLBACK in TEST_GUI.M with the
g iven input arguments .
%
% TEST_GUI( ’ Property ’ , ’ Value ’ , . . . ) c r e a t e s a new
TEST_GUI or r a i s e s the
% e x i s t i n g s i n g l e t o n ∗ . S t a r t i n g from the l e f t ,
p roper ty va lue pa i r s are
% app l i e d to the GUI be f o r e Test_GUI_OpeningFcn g e t s
c a l l e d . An
% unrecognized proper ty name or i n v a l i d va lue makes
proper ty a p p l i c a t i o n
% stop . A l l i npu t s are passed to Test_GUI_OpeningFcn
v ia vararg in .
%
% ∗See GUI Options on GUIDE’ s Tools menu . Choose "
GUI a l l ows on ly one
% ins tance to run ( s i n g l e t o n ) " .
%
% See a l s o : GUIDE, GUIDATA, GUIHANDLES
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% Edit the above t e x t to modify the response to he l p
Test_GUI
% Last Modi f ied by GUIDE v2 .5 12−Apr−2014 21 :55 :44
global c o l l e c t i n g ;
global data ;
c o l l e c t i n g = 0 ;
global i n t i ;
i = 1 ;
% Begin i n i t i a l i z a t i o n code − DO NOT EDIT
gui_Sing leton = 1 ;
gui_State = s t r u c t ( ’ gui_Name ’ , mfilename , . . .
’ gu i_Sing leton ’ , gui_Singleton , . . .
’ gui_OpeningFcn ’ , @Test_GUI_OpeningFcn ,
. . .
’ gui_OutputFcn ’ , @Test_GUI_OutputFcn ,
. . .
’ gui_LayoutFcn ’ , [ ] , . . .
’ gui_Callback ’ , [ ] ) ;
i f nargin && i s cha r ( vara rg in {1})
gui_State . gui_Callback = s t r 2 f unc ( vararg in {1}) ;
end
i f nargout
[ varargout {1 :nargout } ] = gui_mainfcn ( gui_State ,
va ra rg in { : } ) ;
else
gui_mainfcn ( gui_State , va ra rg in { : } ) ;
end
% End i n i t i a l i z a t i o n code − DO NOT EDIT
% −−− Executes j u s t b e f o r e Test_GUI i s made v i s i b l e .
function Test_GUI_OpeningFcn ( hObject , eventdata , handles ,
va ra rg in )
% This func t i on has no output args , see OutputFcn .
% hObject handle to f i g u r e
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% eventda ta re s e rved − to be de f ined in a f u t u r e ve r s i on
o f MATLAB
% hand les s t r u c t u r e wi th hand les and user data ( see
GUIDATA)
% vararg in command l i n e arguments to Test_GUI ( see
VARARGIN)
% Choose d e f a u l t command l i n e output f o r Test_GUI
handles . output = hObject ;
% Update hand les s t r u c t u r e
guidata ( hObject , handles ) ;
% UIWAIT makes Test_GUI wai t f o r user response ( see
UIRESUME)
% uiwa i t ( hand les . f i g u r e 1 ) ;
% −−− Outputs from t h i s f unc t i on are re turned to the
command l i n e .
function varargout = Test_GUI_OutputFcn( hObject , eventdata
, handles )
% varargout c e l l array f o r r e tu rn ing output args ( see
VARARGOUT) ;
% hObject handle to f i g u r e
% eventda ta re s e rved − to be de f ined in a f u t u r e ve r s i on
o f MATLAB
% hand les s t r u c t u r e wi th hand les and user data ( see
GUIDATA)
% Get d e f a u l t command l i n e output from hand les s t r u c t u r e
varargout {1} = handles . output ;
%
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
% Saves ga thered data to f i l e
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%
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
% −−− Executes on but ton pre s s in onSaveFi le .
function onSaveFi le_Callback ( hObject , eventdata , handles )
% hObject handle to onSaveFi le ( see GCBO)
% eventda ta re s e rved − to be de f ined in a f u t u r e ve r s i on
o f MATLAB
% hand les s t r u c t u r e wi th hand les and user data ( see
GUIDATA)
%
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
% Send packe t over e t h e rne t to move ac tua tor
%
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
% −−− Executes on but ton pre s s in onActuate .
function onActuate_Callback ( hObject , eventdata , handles )
% hObject handle to onActuate ( see GCBO)
% eventda ta re s e rved − to be de f ined in a f u t u r e ve r s i on
o f MATLAB
% hand les s t r u c t u r e wi th hand les and user data ( see
GUIDATA)
%
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
% Get data out o f l i s t and d i s p l a y i t in f i e l d
%
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
function humiditySensor_Callback ( hObject , eventdata ,
handles )
% hObject handle to humidi tySensor ( see GCBO)
% eventda ta re s e rved − to be de f ined in a f u t u r e ve r s i on
o f MATLAB
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% hand les s t r u c t u r e wi th hand les and user data ( see
GUIDATA)
% Hints : g e t ( hObject , ’ S tr ing ’ ) r e tu rns con ten t s o f
humidi tySensor as t e x t
% s t r 2doub l e ( g e t ( hObject , ’ S tr ing ’ ) ) r e tu rns
con ten t s o f humidi tySensor as a doub le
global i ;
global data ;
p i e c e = data ( i , 3 ) ;
i f (~ isnan ( p i e c e ) )
p i e c e = ( piece − .860) / . 0 3 0 ;
set ( handles . humiditySensor , ’ S t r ing ’ ,num2str( p iece , ’
%0.2 f ’ ) ) ;
end
% −−− Executes during o b j e c t crea t ion , a f t e r s e t t i n g a l l
p r o p e r t i e s .
function humiditySensor_CreateFcn ( hObject , eventdata ,
handles )
% hObject handle to humidi tySensor ( see GCBO)
% eventda ta re s e rved − to be de f ined in a f u t u r e ve r s i on
o f MATLAB
% hand les empty − hand les not c rea t ed u n t i l a f t e r a l l
CreateFcns c a l l e d
% Hint : e d i t c on t r o l s u s u a l l y have a whi te background on
Windows .
% See ISPC and COMPUTER.
i f i s p c && i s e qua l (get ( hObject , ’ BackgroundColor ’ ) , get (0 , ’
de fau l tUicontro lBackgroundColor ’ ) )
set ( hObject , ’ BackgroundColor ’ , ’ white ’ ) ;
end
%
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
% Get data out o f l i s t and d i s p l a y i t in f i e l d
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%
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
function pressureSensor_Cal lback ( hObject , eventdata ,
handles )
% hObject handle to pressureSensor ( see GCBO)
% eventda ta re s e rved − to be de f ined in a f u t u r e ve r s i on
o f MATLAB
% hand les s t r u c t u r e wi th hand les and user data ( see
GUIDATA)
% Hints : g e t ( hObject , ’ S tr ing ’ ) r e tu rns con ten t s o f
pressureSensor as t e x t
% s t r 2doub l e ( g e t ( hObject , ’ S tr ing ’ ) ) r e tu rns
con ten t s o f pressureSensor as a doub le
global i ;
global data ;
p i e c e = data ( i , 2 ) ;
i f (~ isnan ( p i e c e ) )
p i e c e = 66.5574∗ p i e c e ; %convers ion Pressure kpa =
66.5574 ∗ Vin
set ( handles . pre s sureSensor , ’ S t r ing ’ ,num2str( p iece , ’
%0.2 f ’ ) ) ;
end
% −−− Executes during o b j e c t crea t ion , a f t e r s e t t i n g a l l
p r o p e r t i e s .
function pressureSensor_CreateFcn ( hObject , eventdata ,
handles )
% hObject handle to pressureSensor ( see GCBO)
% eventda ta re s e rved − to be de f ined in a f u t u r e ve r s i on
o f MATLAB
% hand les empty − hand les not c rea t ed u n t i l a f t e r a l l
CreateFcns c a l l e d
% Hint : e d i t c on t r o l s u s u a l l y have a whi te background on
Windows .
% See ISPC and COMPUTER.
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i f i s p c && i s e qua l (get ( hObject , ’ BackgroundColor ’ ) , get (0 , ’
de fau l tUicontro lBackgroundColor ’ ) )
set ( hObject , ’ BackgroundColor ’ , ’ white ’ ) ;
end
%
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
% Get data out o f l i s t and d i s p l a y i t in f i e l d
%
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
function tempSensor_Callback ( hObject , eventdata , handles )
% hObject handle to tempSensor ( see GCBO)
% eventda ta re s e rved − to be de f ined in a f u t u r e ve r s i on
o f MATLAB
% hand les s t r u c t u r e wi th hand les and user data ( see
GUIDATA)
% Hints : g e t ( hObject , ’ S tr ing ’ ) r e tu rns con ten t s o f
tempSensor as t e x t
% s t r 2doub l e ( g e t ( hObject , ’ S tr ing ’ ) ) r e tu rns
con ten t s o f tempSensor as a doub le
global i ;
global data ;
p i e c e = data ( i , 1 ) ;
i f (~ isnan ( p i e c e ) )
p i e c e = ( p i e c e ∗5 .00 ) /1024 . 00 ;
set ( handles . tempSensor , ’ S t r ing ’ ,num2str( p iece , ’%0.2 f ’
) ) ;
end
% −−− Executes during o b j e c t crea t ion , a f t e r s e t t i n g a l l
p r o p e r t i e s .
function tempSensor_CreateFcn ( hObject , eventdata , handles )
% hObject handle to tempSensor ( see GCBO)
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% eventda ta re s e rved − to be de f ined in a f u t u r e ve r s i on
o f MATLAB
% hand les empty − hand les not c rea t ed u n t i l a f t e r a l l
CreateFcns c a l l e d
% Hint : e d i t c on t r o l s u s u a l l y have a whi te background on
Windows .
% See ISPC and COMPUTER.
i f i s p c && i s e qua l (get ( hObject , ’ BackgroundColor ’ ) , get (0 , ’
de fau l tUicontro lBackgroundColor ’ ) )
set ( hObject , ’ BackgroundColor ’ , ’ white ’ ) ;
end
function edit4_Cal lback ( hObject , eventdata , handles )
% hObject handle to humidi tySensor ( see GCBO)
% eventda ta re s e rved − to be de f ined in a f u t u r e ve r s i on
o f MATLAB
% hand les s t r u c t u r e wi th hand les and user data ( see
GUIDATA)
% Hints : g e t ( hObject , ’ S tr ing ’ ) r e tu rns con ten t s o f
humidi tySensor as t e x t
% s t r 2doub l e ( g e t ( hObject , ’ S tr ing ’ ) ) r e tu rns
con ten t s o f humidi tySensor as a doub le
% −−− Executes during o b j e c t crea t ion , a f t e r s e t t i n g a l l
p r o p e r t i e s .
function edit4_CreateFcn ( hObject , eventdata , handles )
% hObject handle to humidi tySensor ( see GCBO)
% eventda ta re s e rved − to be de f ined in a f u t u r e ve r s i on
o f MATLAB
% hand les empty − hand les not c rea t ed u n t i l a f t e r a l l
CreateFcns c a l l e d
% Hint : e d i t c on t r o l s u s u a l l y have a whi te background on
Windows .
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% See ISPC and COMPUTER.
i f i s p c && i s e qua l (get ( hObject , ’ BackgroundColor ’ ) , get (0 , ’
de fau l tUicontro lBackgroundColor ’ ) )
set ( hObject , ’ BackgroundColor ’ , ’ white ’ ) ;
end
% −−− Executes on but ton pre s s in da t aCo l l e c t i on .
function dataCol l ec t ion_Cal lback ( hObject , eventdata ,
handles )
% hObject handle to da t aCo l l e c t i on ( see GCBO)
% eventda ta re s e rved − to be de f ined in a f u t u r e ve r s i on
o f MATLAB
% hand les s t r u c t u r e wi th hand les and user data ( see
GUIDATA)
% Hint : g e t ( hObject , ’ Value ’ ) r e turns t o g g l e s t a t e o f
d a t aCo l l e c t i on
global i ;
global data ;
data = x l s r e ad ( ’ data1 ’ ) ;
i f get ( hObject , ’ Value ’ )
set ( handles . da taCo l l e c t i on , ’ ForegroundColor ’ , ’ green ’ ) ;
set ( handles . da taCo l l e c t i on , ’ S t r ing ’ , ’On ’ ) ;
pause ( 0 . 3 ) ;
%%
t ime In t e rva l = 1 ; %s
while 1
data = x l s r e ad ( ’ data1 ’ ) ;
while ( i > s ize ( data , 1 ) )
data = x l s r e ad ( ’ data1 ’ ) ;
pause (5 ) ;
end
tempSensor_Callback ( hObject , eventdata , handles ) ;
pressureSensor_Cal lback ( hObject , eventdata ,
handles ) ;
humiditySensor_Callback ( hObject , eventdata ,
handles ) ;
%i f (~ isnan ( data ( i , 1 ) ) )
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i = i +1;
%end
%se t ( hand les . edi tTextData , ’ S tr ing ’ , Xstr ) ;
pause ( t ime In t e rva l ) ;
i f ~get ( hObject , ’ Value ’ )
break
end
end
else
set ( handles . da taCo l l e c t i on , ’ ForegroundColor ’ , ’ red ’ ) ;
set ( handles . da taCo l l e c t i on , ’ S t r ing ’ , ’ Off ’ ) ;
end
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SCHOOL OF ENGINEERING
• Motivation
• Project Scope
• Year One Accomplishments
• Testing
• Conclusion
Outline
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Project Scope
• See Animation
SCHOOL OF ENGINEERING
Design an easy to use robotic sensor 
package to study the geochemistry of 
the sub-seafloor.
Problem Statement
SCHOOL OF ENGINEERING
Year 1 Goals 
Element Team
Truss Structure
Brainstorm MECH
Finite Element Analysis MECH
Build Simplified Mockup MECH
Sensor Package
Brainstorm Layout Ideas Both
Communicate with GUI COEN
Test Simplified Mockup Both
Graphical User Interface
Develop Initial Layout COEN
Budget
SCHOOL OF ENGINEERING
• Income: $1200
• Expenses:
• Truss Structure ………………………………….. 50
• Sensor Package ……………………………….. 200
• Travel ……………………………………………1000
------------------------------------------------------------------------
• Total ……………………………………   $1250
SCHOOL OF ENGINEERING
• Motivation
• Project Scope
• Year One Accomplishments
• Long Term Considerations
• Testable Accomplishments
• Testing
• Conclusion
Outline
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Long Term Considerations
• Designed subsystems
• Defined specifications
• Considered alternatives
SCHOOL OF ENGINEERING
Subsystems
Sensor Package Truss Structure Winch System Communication 
Interface
Sensor Package
SCHOOL OF ENGINEERING
Specifications:
• 10’’ max diameter
• Temperature range 1°C-70°C
• Rated to 7000m depth
• Survive 1 year underwater
• Modular layout
SCHOOL OF ENGINEERING
Finite Element Analysis Sensor Package
Round Shelf Angular Shelf
Truss Structure
SCHOOL OF ENGINEERING
Specifications:
• Support 1000 lb. 
on land
• Fit in 20’x8’x8.5’ 
container
• Grip adjust to 14’ 
diameter 
Hook
Structure 
Supports
Flotation
Adjustable Reentry 
Cone Grip
Alternative Analysis
SCHOOL OF ENGINEERING
Shape of base:
• Square base
OR
• Triangular base
Square base Triangular base
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Winch System
SCHOOL OF ENGINEERING
Specifications:
• Handle minimum 1000m 
tether
• Rated for 100V
• Pressure housing to 
withstand 9 ksi minimum
Pulley
Tether
Winch
Pressure 
HousingWet Mates
Alternatives
SCHOOL OF ENGINEERING
Location of winch:
• Winch above
OR
• Winch on base with 
pulley above
Above On base
Alternatives
SCHOOL OF ENGINEERING
Above On base
Location of winch:
• Winch above
OR
• Winch on base with 
pulley above
Communication Interface
SCHOOL OF ENGINEERING
Specifications:
• 3 Nodes of communication
• Topside node
• Hardware node
• Sensor packet node
• Fiber optic communication
Topside
Hardware
Sensor 
Packet
Commands 
and Data
SCHOOL OF ENGINEERING
Testable Accomplishments
• Truss Structure Prototype
• Testable Sensor Package
• Electronics Bottle 
• Serial Communication
• Graphical User Interface (GUI)
SCHOOL OF ENGINEERING
Truss Structure Prototype
• Features on Model
• Triangular base
• Collapsible
• Height of sensor 
package
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Testable Sensor Package
• Design Elements
• Removable sensors
• Solid main frame
• Lowered by rope
• High camera position
SCHOOL OF ENGINEERING
Electronics Bottle
• Pressure Bottle Design
• Shelf
• Connectors
• Real Sensors
• Camera
• Light
• Test Sensors
• Temperature
• Pressure
• Humidity
• Water Sampler
SCHOOL OF ENGINEERING
Serial Communication
• USB connection to 
Arduino Uno 
microcontroller
• Serial connection 
between Arduinos
• Interface with 
Microsoft Excel
SCHOOL OF ENGINEERING
Graphical User Interface (GUI)
• MATLAB Code
• Interface with 
Microsoft Excel
• Read formatted data 
from three sensors
• Include buttons for 
future use
SCHOOL OF ENGINEERING
Demonstration
SCHOOL OF ENGINEERING
• Motivation
• Project Scope
• Year One Accomplishments
• Testing
• Conclusion
Outline
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Testing
SCHOOL OF ENGINEERING
• Lake Tahoe 
• Submerge underwater and test:
• Sensor package movement
• Communication interface with sensors
• No leaks in pressure housing 
• Easy to use by a non-engineer
Long Term Safety 
Considerations
SCHOOL OF ENGINEERING
• Keep water sampler 
low in the sensor
package
• Attach ladder to side of 
the truss supports
• Utilize on-board 
cranes
SCHOOL OF ENGINEERING
• Motivation
• Project Scope
• Year One Accomplishments
• Testing
• Conclusion
Outline
Year One Achievements
SCHOOL OF ENGINEERING
Element Team Completed
Truss Structure
Brainstorm MECH 
Finite Element Analysis MECH 
Build simplified mockup MECH 
Sensor Package
Brainstorm layout ideas Both 
Communicate with GUI COEN 
Test simplified mockup Both Pending
Graphical User Interface
Develop initial layout COEN 
Budget
SCHOOL OF ENGINEERING
• Income: $1200
• Expenses: Initial Actual
• Truss Structure …………………… 50……………….. 28
• Sensor Package ………………… 200……………… 297
• Travel …………………………… 1000………………Pending
-------------------------------------------------------------------------
• Total ……………………………………………..  $325
Steps for Moving Forward
SCHOOL OF ENGINEERING
1. Meet with customers
2. Finalize design
• Truss Structure
• Sensor Package
• Communication 
Interface
Year 2
1. Test sensor package in 
Lake Tahoe
2. Concept review with 
customers
3. Develop data 
communication
4. Recruit next year’s team
This Year
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Questions?
• Overall Project Scope
• Motivation, Funding
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Appendix A: Raw Data from Sensors
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Temperature Pressure Humidity
45 394 304
47 391 307
46 389 307
45 378 307
45 377 307
45 388 306
46 389 307
47 378 304
45 379 305
43 380 306
T = ((reading*5)/1024) * 100.0
P = ((reading*5)/1024) *66.5574
H = (((reading*5)/1024)/0.03)+0.86
5V reference input voltage
Appendix B: Water Sampler Actuator Design
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Appendix C: Sensor Images and Makers
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Appendix D: 
Truss Structure CAD
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Appendix E: 
Gantt Chart, Fall Quarter
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Appendix F:
Gantt Chart, Winter Quarter
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Appendix G:
Gantt Chart, Spring Quarter
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